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BIFUR 111

A Program for Calculating Borehole and Surface Gravity
Caused by Two-dimensional Structure in Cartesian

or Cylindrical Coordinates

Joseph R Hearst

ABSTRACT

An interactive computer program, BIFUR 111, has been written. It computes
the gravitational effect of two-dimensional structures bounded by planes
(Program BIFUR3) or co-axial cylindrical surfaces (Program BIFURC). The
calculated gravimetric density can be compared to density calculated from
measurements of gravity in a borehole and from a density log. The user can
change the structure online, and compare the results of different changes. The
primary application is to borehole gravimetry, but surface gravity problems
can also be investigated.
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BIFUR III

A Program for Calculating Borehole and Surface Gravity
Caused by Two-dimensional Structure in Cartesian

or Cylindrical Coordinates

Joseph R Hearst

DESCRIPTION m

- Borehole gravity data are often affected by material not immediately
adjacent to the hole. We have studied these effects (1,2) and developed a
computer program to calculate them in the case of beds that are infinite in .
one horizontal direction ( that is, in Cartesian coordinates). That program,
BIFUR, used equations developed by Elkins (3) which required that the beds
have vertical ends. This requirement made the input cumbersome and
inconvenient.

At the suggestion of P. Kasameyer, a new program, BIFUR 11,(4) was
written.BIFUR II also calculated the effect of beds that were infinite in one
horizontal dimension, but used Talwani’s (5) method of calculating the effect
of a polygon that is infinite in one horizontal dimension. Therefore it
permitted the shape of the cross section that was used for input to be
arbitrary as long as it was made up of straight lines. R. Carlson made a
further suggestion that greatly simplified input. He pointed out that it was
not necessary to specify the density of each polygon in the cross section, but
only the density contrast across each line.

BIFUR II has now been updated to permit the user to modify the cross
k section while the program is being run. The new version, BIFUR 111, also plots

the cross section, displaying the density in each polygon. It also calculates
a structure correction to the measured gravimetric density. This correction
term is the difference between the density in the polygon in which a pair of
measuring stations is located and the density obtained from the calculated
gravity difference between the pair of measuring stations . It then plots the
measured gravimetric density vs depth and overplots the corrected measured
gravimetric density and the density from a density log.This permits the user
to see how well the correction to the measured gravity calculated from the
cross section reproduces the log density.

Following a further suggestion from Kasameyer, another version of the
code, BIFURC, calculates gravimetric density from a cross section described by
cylindrical symmetry. In this case, the cross section is again described by
lines, but instead of being infinite in the third dimension, the cross section
is rotated about an axis of symmetry at the borehole. The code uses an
expression derived by Talwani (6) for the gravitational effect of a vertical
cone.

●

The input consists of a title, a cross section, and either a series of
depths between which gravimetric density is to be calculated and a series of
surface points at which gravity is to be calculated, or the output from a code
that calculates measured gravity vs depth and from another that calculates

.

density from a density log.

The output consists of printout describing the cross section and the
calculated gravity and gravimetric density, the plot of the cross section, the
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plot comparing the measured gravimetric density with the corrected measured
gravimetric density and the density from a density log (if these have been
input), and two files for later use as input.

INPUT
The first card of the input file is the title card, and may have up to 80

columns. Certain words, used as mnemonics in the code, are forbidden in the
title; They are : LOG, DPT, DEPTH, LOGS, SUR, SURF,ADD,DEN,END,GO, EOF, FILE,
INT, ZEP, ZPT, and TTY.

The next set of cards describe the cross section. They will be
described for the Cartesian case. All input is in meters. The input must’
describe closed polygons, and ordinarily they should fill the entire space.
Left and right hand boundaries will be described below. All polygons must be
continuous; that is, they must be such that one can draw a line all around the
polygon without lifting one’s pencil from the paper. This implies that there
can be no polygon completely enclosed in another with no common boundary,
because then the outer boundary of the inner polygon would be a boundaryof
the outer polygon but not continuous with it. This constraint exists because
the code must be able to identify each poJygon so that its center can be
located and information about it plotted. (The constraint is not required for
the calculation of the gravity itself; if the constraint is not acceptable
BIFUR II can be used .) Also, each intersection of two or more lines must be
specified at least twice, once for each line that meets at that intersection.
This requirement ensures that there are no unconnected lines (the code checks
for it.)

A convenient way to prepare the input is to draw the cross section on
graph paper, or draw it with the coordinates of each intersection of lines
labelled with the X and Z values; and with all the densities written in the
polygons. Such a sketch is shown in Fig. 1. In the figure the boundaries of
the polygons, (or bed boundaries) are numbered. These numbers will be listed
after the card that describes each boundary.

There are two kinds of cards describing lines in the cross section: scarp
cards and bed-boundary cards. Figure 1 and Table 1 illustrate these cards. The
first line in Table 1 is the title card. The next two are scarp cards,
describing the two scarps shown as dashed lines on Fig. 1. The scarps are
optional, and are not boundaries of polygons, but any point on a scarp can be
used as a point on a bed boundary by specifying the scarp and either a depth
or horizontal position.

Both scarps and bed-boundaries are described by five blank-delimited
items of information. If there are fewer than five data, the card will be
misinterpreted. The five items or data are called XA, 2A, XB,ZB, and RHO. A
scarp is distinguished by the fifth datum, RHO, being a letter ,rather than a
number. This letter, which may be any letter but R or L, is the “scarp
letter”, and must be different for each scarp. XA and ZA are the horizontal
position (X) and the vertical position (Z) of a point on the scarp. Z is
positive downwards, and X is positive to the right of the borehole and
negative to the left of the borehole. ANY point on the scarp may be specified
b XA,ZA; it need not be within the boundaries of the problem. The slope of
1!t e scarp may be specified by the data XB,ZB in two ways. The first is by
letting XB,ZB be another point on the scarp line. The second is by letting XB
be the angle of the scarp with the horizontal between 90 and -90 degrees
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“that is, to the right of the vertical and
‘%~~t~~~ $r%n~~~~~ %a%~!t~ise, Z13should be a le\ter--a any letter; It
is recommended, but not mandatory, that all scarps be Input before any bed
boundaries. It is mandatory that a scarp be input before any bed that it
terminates. The second line in Table 1:

-650 0 -250 1200A *

describes a scarp (Scarp A) with points at X=-650, Z=O. and X= -250, Z=1200
and the third line b

420085QB

describes another scarp (scarp B) with a point at X=420, Z=O and a slope of 85
degrees above the horizontal. These scarps are shown in Fig” 1.

The bed boundaries (or polygon boundaries) are normally specified by two
X,Z pairs, XA,ZA and XB,ZB . These specify the vertical and horizontal
positions of the ends of the boundary. RHO is the difference in density
between the right and left sides of the boundary, with “right” defined for an
observer standing at XA,ZA and facing in the direction of XB,ZB. That is, RHO
is the density on the right side of the boundary minus that on the left side
of the boundary. If XAor XB is the letter L, that X-value will be taken

as -107, if it is the letter R, the X value will be +107. This permits
specifying the boundaries of the problem. It is not necessary to input vertical
lines at the left and right boundaries of the problem; the code will supply

them.

If either the X or the Z of an X,Z pair is a letter (except L or
R),instead of a number ,that letter will be interpreted as a scarp letter.
Then the missing value will be calculated as the point on the scarp described
by the existing value ; i.e., if X is a number, the Z will be calculated as
the value of the Z on the scarp corresponding to the input X. Both ends of a
bed-boundary can be described by scarp lines, but you cannot replace both X
and Z of a pair by letters as the code will have no way to decide where to
go.

The top and bottom of the problem must always be described by
bed-boundaries going from L to R (they need not be horizontal.) Otherwise theI

! code cannot compute the densities in the polygons. And the densities in a
vertical column from outside the bottom boundary to outside the top boundary
must always sum to zero. They will do so automatically if you assume the

, density above the top boundary and below the bottom boundary to be equal to
zero and input RHO accordingly.

i
1 There is no required order of the bed-boundary cards and no requirement
i that the XA,ZA point be the left-hand point of the line, but it is usuallyi
~ convenient to work from left to right.

I
The next 13 lines in Table 1 are bed-boundary cards, shown with the .

} corresponding line number from Fig. 1.

L 840 A840 1.2 (;)
A84OA91O 1.2
A 910 -286 A .7 [13

I
!

. . . . . . . ... . . .. . . . .. . .Z-.- . . . ... . ..----- -
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Note that an X-value is s~ecified instead of a Z- value at the second
intersection.

A91O B 1015 .5
A 1120 B 1070 .7

Note that the point “A

B 1070 B 1015 .7
B 1015 B 930 1.2
B 930 R930 1.2

120” is the same as point “-286 A“ for ine (3).

(;)

H8
These complete the lines terminated by scarps.

L 500 -700 500 .4 (9)
-700 500 1000400 .4 (lo)
1000 400 R 400 .4 (11)

describe the crooked boundary going from left to right near the top and not
terminted by the scarp lines. Finally

LORO1.1
[
12)

L 1200R 1200 -2.7 13)

are the upper and lower boundaries of the problem.

The cross-section input for the cylindrical geometry is identical to that
for Cartesian geometry, except that no negative values of X are permitted, and
an input X of L is identical to an input X of O, and signifies the axis of
symmetry. Input for a cylindrical problem is shown in Table 2

To summarize; a scarp line is recognized by its fifth datum being a
letter; it is then identified by that letter. The first two data describe one
point on the scarp line, the second pair either another point or , if the
fourth datum is a letter, the angle of that line with respect to the
horizontal. Bed-boundary lines are described by four data points representing
the two ends and a fifth datum describing the density contrast across the
line. Any, but not all, of the first four may be letters. If the letters are L
or R they specify the left and right boundaries of the problem, otherwise they
specify intersections with the denoted scarp line. The maximum number of
scarps is 24, of boundaries 100 and of polygons 50, with 25 boundaries maximum
for each..

The input of the cross section description is terminated by a line with
4 fewer than five data, and with the first datum alphabetic. This datum is a

mnemonic and may be either DPT, SUR, or LOG. If it is DPT, as in Table 1,
then the next cards contain space-delimited lists of depth points (up to 100).
If,either without DPT or after OPT the mnemonic SUR is on a card, the next.
cards consist of space-delimited lists of horizontal surface positions (with

I the borehole at zero) at which gravity is to be calculated. A blank card then
ends the problem.

If the mnemonic is LOG, the next two data on the card must be the names
of two files in memory. Table 3 shows an input set with the LOG mnemonic.
The first of the two files (a typical one is shown in Table 4) is the output
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from a code that calculates density from the data from a borehole gravimeter,
and has three lines of header and then data in format E12.8, 3E13.8,
consisting of two depths (in feet) and the density calculated from the
gravity measured between those depths. The second file, (shown in Table 5) is
the output from a density-log code ,and has 13 lines of header, and then, in
format E12.8,5E13.8 has the depth (again in feet) in the first field and the
integral of the density in the sixth field. (The intervening fields are not

b

used by BIFUR.)
the lower of two
the lower depth.
does not change.

OUTPUT

This integral is the sum of the products OF the density at
depths and the distance between those depths displayed at
If the density between two depths is zero, then the integral 4

This,then, completes the input to BIFUR.

The output consists both of plots and of printout. The plots are
compatible with the LLNL UX80 system. The code prints out the name of the plot
file on the teletype, and they can be observed with the routine UXTV (q.v.)
obtained from MJBLIB. Figure 2 is the plot obtained from the input in Table 1,
and is essentially identical to Figure 1. (However, BIFUR renumbers the
lines.) Near the center of each polygon are two numbers, an integer and a
decimal number. The integer is the polygon number (in the code this is called
a volume number.) The decimal number is the density of the material in the
polygon. Near each intersection is another integer. This is the intersection
number.( Figure 3 is a plot of the output from the cylindrical input in Table
2 ●)

Table 6 is the printout from the problem described by the input in Table
1 and Figures 1 and 2. It is file HSPO. It is divided into four sections. The
first, at the top, lists all the lines in the problem. First is the line
number, then the X and Z coordinates of the left end of the line (if you input
the right end first,the code switches them), and then the number of the
intersection at the left end of the line. Next are the X, Z and intersection
number for the right end of the line. The intersection numbers are those shown
in the plot. Next are the volume numbers or polygon numbers associated with
the left and right sides of the line (looking from its left end to its right
end) and finally the density contrast across the line.

The next section of the output describes the volumes, or polygons. First
is the number of the polygon ,or volume number, and then a list of all the
lines bounding it; ten on the first line of the output, and another line of
output if more are required. Next is the density in the polygon and finally
the approximate X and Z positions of its midpoint .

The third part of the output is the calculated gravimetric densities.
The first line, designated by VAG, is the change in calculated density that
would be caused by correcting the vertical air gradient, or free air gradient,
used in calculating the density in the borehole for the effect of the cross
section. The other lines show first the two depths of the gravity stations,
then the density that was calculated between those stations (RHO), and then
the density in the polygon in which the stations lie (or the average between
them if they straddle a boundary) (RHO NOM) Next are the corrected density
(only shown if the measured gravimetric density is input by a LOG) and finally
the correction to the density: RHO NOM - RHO -VAG . This correction is added
to the measured gravimetric density to get RHO CORR. The last column is G,
the calculated gravity at the lower of the two depths.

.

●



-7-

The last part of the printout is the surface gravity, and merely shows
the horizontal position, the gravity, and the gravity difference between
stations.

There are two other BCD files output. They are called BIFINP and BIFOUT.
BIFINP, shown in Table 7, is a restart file. Each time a new version of the
cross section is produced by interaction (see below) another set of input is
put-into BIFINP. There are no depth data in BIFINP. To use BIFINP for input to
a new problem, use TRIX to select the set of input you desire, and then add
either DPT or LOG cards at the end. BIFOUT is formatted for storage in the
K-division data base, and is shown in Table 8.

If LOGinput is used, an additional output plot is produced. The cross
section plot produced by the input in Table 3 is given in Figure 4. It shows
another feature of the cross section plot; the ability to have pointers to
small polygons. The second plot, shown in Fig. 5,is the density plot. There
are three sets of vertical line segments on this plot. The solid lines
represent the density calculated from measured borehole gravity. The
closely-dotted lines (labelled LOG) represent the average density from the
gamma-gamna density log. The lines with dots having greater spacing (Labelled
CORR O) represent the corrected gravimetric density described above. These
plots permit the user to see how well the input cross section accounts for the
difference between the gravimetric density and the log density.

The last kind of output from BIFUR are error messages on the teletype. I
have tried (with indifferent success) to make them self-explanatory. If you
get an error message, try to look it up in the listing. Most of them will come
from subroutine VOLUMES or CHECK, and usually the place in the code at which
the error occurred is listed below the GO TO statement. If the code throws you
off the machine with the error, look at the printout HSPO , which will be
present and will contain results of all the calculations made thus far. This
may help you understand the error.

INTERACTION
One can modify the cross section in three ways: by moving an

intersection, by adding a constant to all X-values, and by changing the
density in a polygon. When you have executed BIFUR the teletype will print

PLOT FILE IS BIFA80

This file can be viewed with UXTV. At LLNL we can view the output while we
also interact with BIFUR. It next types:

TYPE -DEN-INT-ADD-, THEN GO----OR END

and then two “greater than” symbols. It then is re,adyto accept changes; as
many as you like. The first problem described above has been changed by each
of the methods, and the results are shown below.

INT moves an intersection. You type

INT NNN X Z

where NNN is the intersection number and X,Z the new position of the
intersection. You may make as many changes as you like (and mix the types of
changes) each time you interact: But if you make a change in the position of
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an intersection such that you produce an impossible cross-section, the code
will complain. In some cases it will throw you off and you will have to
restart from your input or BIFINP, in some it will simply again type “greater
than” signs. In the latter case, it has forgotten your changes but is ready
for more.

After all changes are typed, type GO, and the problem will run again, and *
tell you

PLOT FILE IS BIFB80 &

Fig. 6 shows the revised output from the first simple problem (Figs 1,2)
after typing

INT 6 200900

thus moving intersection number 6 to position 200,900.
In all cases

ADD NNN

adds that value to all X. For example, the next change was

ADD 200

This added 200 to all X values, and the result is shown in Fig. 7.
Finally,

DEN NNN RHO

changes the density of polygon NNN to RHO. Fig.8 shows the result of

DEN 23.

When interaction is performed while using the LOG mode, two plots are
produced each time. Figure 9 shows the result of

DEN6 2.15.

on the complicated Cartesian problem described in Table 3 and Figure
4.A new corrected density, labelled CORR 1, is plotted as a dotted line with
dot pattern different from the first. This permits the user to overlay the
plots from successive changes using UXEDIT. Any time interactive changes are
made in the LOG mode, new density plots are produced. However ,after a while
the dot pattern becomes too sparse to see.

THE MOVIE VERSION
There is a version of both BIFUR3 and BIFURC that rmoduces color ulots

for movie frames. In that version both the cross section and density plots are ●

output on one frame, with color corresponding to density in the cross section.
The input consists of two cross sections and the code interpolates between
them an input number of times to produce frames for a movie showing changes in
calculated gravimeteric density as the cross section changes. Depths are
calculated by the code, and LOG input is not used.

---- . . .. . . . . ...-. .. . .. . ----- ,...__ ----- .-A
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LISTINGS
The listing of B1FUR3 and all of the subroutines of BIFURC not identical

to those in BIFUR3 follow the figures and tables. The program is written in
LRLTRAN, an LLNL version of FORTRAN. The subroutine DATA and about half of the
main code was written by D. Burton. The library subroutines called are in
LLNL’s ORDERLIB, TV80LIB, and UX80LIB, available on the LLNL 7600 computers.

~
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TABLE 1 -Input far Problem described by Figs 1 and 2

TEST PRUBLE?I FOR DEMONSTRATION
-650 0 -260 1200 A
420085Q~
L 040 A 840 1.2
A 840 A 910 1.2
A 910 ’286 A .7
A 910 B 1015 .5
A 1120 B 1070 .7
B 1070 B 1015 .7
B 1015 B 930 1.2
B 930 R 930 1.2
L 500 -700 S00 .4
-700 500 1000 400 .4
1000 400 R 400 ,4
L 1200 R 1200 -2.7
L O R O 1.1

t

.,

!

.

DPT--- ““”
1000 950 900 850 800 750 700
650 600 550 500 450 400 350
300 250 200

.’:

T~JJJ ~~ Input for problem described by Fig. 3
1“

CYLINDRICAL DEMUNSTRATION
LORO1
L 100 500 150 1
500 150 700 350 1
700 350 0 500 1
L 1000 R 1000 -1
DPT
100 200 300 400 500 600 700 800

. -.

L. . . ...>-...&.. . . . ..

4 1. .

TABLE3 Input

u2FE/GINl ORIGINAL
-405 0 30 1200 A
-205 0 228 1200 B
500 0 938 1200 C
LOR02.08
L 363 -55S 363 .57
-S55 363 A 380 .57
A 380 B 472 -.33
B 472 C !355 -.21
C 555 C 566 -.21
C 588 1505 536 -.21
1505 536 R 536 -,21
A 380 A 465 .90
A 465 B 472 ‘.20
A 465 A 485 1 10
A 485 B 500 .20
B 500 B 472 .32
B 500 B 625 -,12
A 485 A 610 .90
A 610 B 625 .90
B 625 B 823 .78
B 823 C 905 .78
C 905 1505 878 .70
150S 878 R 878 .78
L 120C R 1200 -2.65
LUG IWROUT U2FE/DEN3

1 I
far LOG problem described by Fig.

CRUSS SECTION FROM PROSPECTUS
\
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TABLE 5
Fil; of density lag output used as input in LOG-type problem
(First page rely)

03
COBALT-60

DEPTH-~U~F&ANT
1.720

3.510 ‘
74 DUP

,,
“20

o

1.OO
520

REVERSALS

DEPTH. .FT
1.05969E+02
1.06964E+02
1.08363E+02
1.08634E+02
1.10224E+O2
1. I0494E+02
1,11852E+02
1.12118E+02
1.12390E+02
1.13765E+02
1,15635E+02
1.16180E*02
1.18948E+02
1.19221E+02
1.20808E+02
1.21085E+O2
1.23024E+02
1.23570E+02
1,23836E+02
1.24383E+02
1.26089E+02
1.26640E+02
1.27742E+02
1.t?9294E+02
1.29300E+02
1.29839E+02
I,30940E+02

1 :;:%%%
1.3S847E+02
1.36389E+02
1.36932E+02
1.38271E+02
1.38544E+02
1,39932E+02
1.40756E+02
l,41592E+02
1,41864E+02
1.42396E+02
1.43500E+02
1,44034E+02
1.45724E+02
1.47058E+02
1.47333E+02
1,47605E+02
1,50257E+02
1.50258E+02

~ PROX. .1N

~:396452E-01
7.533938E-01
6.911721E-01
3,829258E-01
3.483201E-01
3.029331E-01
2.400228E-01
2.062452E-01
4.270505E-O 1
2,657972E-01
2.047534E-01
4.086353E-01
4.47711OE-O1
1,530827E-01
1.225700E-01
2.900126E-01
3.87087SE-01
4.178037E-01
3.335591E-01
5,836572E-01
7.824327E-01
8.679601E-01
4,115671E-01
4,105956E-O1
3,802372E-01
4.757534E-01
3.789076E-01
6,071410E-01
5.204458E-01
2,555379E-01
2.820795E-01
2.480267E-01
2.367597E-01
2.988307E-01
3,742621E-01
4.064099E-01
4.607158E-01
6.918403E-01
6.740597E-01
7,505249E-01
6.481022E-O1
5.573557E-01
5.061298E-01
5,561494E-01
1,415194E-01
1.415807E-01

? .

1.
1.
1,
1.
1.

RAW DENS
210765E+OO
573364E+O0
414780E+O0
420700E+O0
634936E+O0
65126SE+O0
676396E+O0
720612E+O0
720582E+O0
650940E+O0
907530E+O0
907452E+O0
634090E+O0
634064E+O0
969102E+OO
93101OE+OO
710358E+OO
710299E+OO
747228E+O0
737743E+O0
396031E+O0
373324E+O0
329984E+O0
683209E+O0
718732E+O0
718672E+O0
657536E+O0
893397E+O0
461741E+O0
657045E+O0
673875E+O0
691120E+O0
847292E+O0
847256E+O0
682105E+OO
648267E+O0
555700E*O0
555677E+O0
623820E+O0
555535E+O0
61!5754E+O0
372048E+O0
493099E*O0
47998SE+O0
486479E+O0
926702E+O0
914541E+O0

DENS, ,r3M/CC
0.
1 .872504E+O0
1.802228E+O0
1 .759195E+O0
1.840138E+O0
1 .837373E+O0
1 .838438E+O0
1 .850677E+O0
1 .829901E+O0
?.892544E+O0
2.087431E+O0
2.040567E+O0
1.8S6995E+O0
1 .885579E+O0
2.071307E+O0
2.008451E+O0
1.870846E+O0
1 ,939697E+O0
2.01206SE+O0
1 ,934415E+O0
1,643324E+O0
1.734355E+O0
1,75101OE+OO
1,923259E+O0
1 .968896E+O0
1 .945205E+O0
1.939400E+O0
2.167051E+O0
1,7S9024E+O0
1 ,976348E+O0
1.805813E+O0
1.842690E+O0
2.003267E+O0
1 .995035E+00
1.842674E+O0
l,851t82E+O0
1.753391E+O0
1.803146E+O0
2,095111E+O0
1.964550E+O0
2.150879E+O0
1.648592E+O0
1.769255E+O0
1 ,715151E+O0
1.758687E+O0
2,016789E+O0
2.003603E+O0

PAQE 1

sTRIP-LEVEL

- STRIPPED
L1.
1,872504E+O0
1,802228E+O0
1 ,7S9195E+O0
1,840138E+O0
1,837373E+O0
1.838438E+O0
1,850677E+O0
1 ,829901E+O0
1.892544E+O0
2.087431E+O0
2,040567E+O0
1 ,856995E+O0
1 ,885579E+O0
2,071307E+O0
2,008451E+Oo
1,870846E+O0
1 ,939697E+O0
2.012065E+O0
1.934415E+O0
1.643324E+O0
1 ,754355E+O0
1.75101OE+OO
I,923259E+O0
1.968896E+oo
1 .945205E+O0
1,939400E+O0
2,1670S1E+O0
1.759024E+oo
1.976348E+O0
1.805813E+O0
I,842690E+O0
2,003267E+O0
1,995035E+O0
1,842674E+O0
1,851182E+O0
1 ,753391E+O0
1,803146E+O0
2,095111E+Oo
1,964550E+O0
2,150879E+Oo
1.648592E+O0
1 ,7692S5E+O0
1,715151E+O0
1,7!58687E+O0
2,016789E+O0
2,003603E+O0

= 1,00

INTEGRATION
0.
9.315706E-01
3,502045E+O0
3.984618E+O0
6.846087E+O0
7.342551E+O0
9,838427E+O0
1.032908E+01
1.082964E+01
1 .338882E+01
1 .71101OE+O1
1 ,823498E+01
2.362920E+01
2.414006E+01
2.727985E+01
2.784490E+01
3,160588E+01
3,264615E+01
3.317174E+01
3.42511OE+O1
3.730291E+01
3.823897E+01
4.017043E+01
4,302166E+01
4.303334E+01
4,408819E+01
4,622666E+01
4.839282E+01
5,389325E+01
5,585432E+01
5,687929E+01
5.786985E+01
6.044472E+01
6.099049E+01
6,365386E+01
6,517573E+01
6,668244E+01
6,716613E+OI
6.820307E+01
7,044400E+01
7.154282E+01
7,475337E+01
7,703307E+01
7.751218E+01
7.798462E+OI
8,2Q9090E+01
8.299291E+01

,,.



! *

TABLE 6

Output file (HSPO) .>t~rarn~:ir$t:-ploblem(Fig 1,2, Table 1)

1 TES~%R;BLEM FUR DEMONSTRATION

LIN;

2
3
4
5
6
7
a
9

:?
12
13

LEFT X
-1,0000E+07
-3.7700E+02
-3,5425E+02
-3.5425E+02
-2.8600E+02

3.2609E+02
3.3091E+02
3.3837E+02

-1.0000E+07
-7.0000E+02

1 .0000E+03
-1.0000E+07
-1.0000E+07

VtY\ L1

2A
3:
4
DEPT 1
VAQ

250,
300.
350,
400.
450.
500.
550,
600,
650.
700.
750.
800.
850.
900.
950.

1000.

L2
2

1:
2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

LEFT Z LFT
8.4000E*02
8,4000E+02
9. 1000E+O2
9.1OOOE+O2
1.1200E+03
1.0700E+03
1 ,0150E+03
9.3000E+02
5oOOOOE+02
5.0000E+02
4.0000E+02
~.2000E+03
u.

200,0
250.0
300.0
350.0
400 so
450.0
500.0
550.0
600.0
650.0
700.0
750.0
800.0
850.0
900.0
950,0

1;T

2
3
3
4

RT X
-3.7700E+02
‘3.5425E+02
-2.8600E+02

3,3091E+02
3.2609E+02
3.3091E+02
3.3837E+02
1 .0000E+07

-7.0000E+02
1 .0000E+03
1 .0000E+07
1 .0000E+07
1 ,0000E+07

1.1318
1.1356
1.1400
1.1452
1.1513
j . ;:;$

1:5757
1.5875
1.6009
1.6158
1.6317
1.6474
1.6616
1.6725
2.0273

1.
1.
1.
1.
1.
1.
1,
1,
1.
1.
1.
1.
1.
1.
1.
1.

L1O RHf3
o 1.500
0 2.000 -
0 1.100
0 2.700
RH6 C13RR

o.
0.
0.
0.
0.
0.

&
0,
0.
0.
0.
0.
0.
0.
0,

NOTE: C6RR= RHCJ NOM - RHU -VAG cURR

X-P6SITICJN
1.200000E+03
0,
2.000000E+02
4.000000E+02
6.000000E+02
8.000000E+02
1.000000E+03

G DG
8,2295?5E+01
8,193583E+01
8,184503E+01
8, 18CJ505E+01
8. 196144E+01
8.208667E+01
8.220493E*01

-%599177E-01
-9.080588E-02

2.102131E-O2
9.538564E-02
1.252351E-01
1,182632E-01

1.
1.
9.
9h
5.
4.

XMD ZMD
1 .6500E+02 -7.1935E+02
1 .1669E+01 -1 .0300E+03
1.6500E+02 -2.2456E+02
1.6500E+02 -1.1416E+03
crY?R

-0,0202
-0.0116 5.8333E+01
-0,0154 5.3573E+01
-0,0198 4.8794E+OI

4,3994E+01
j:%:; 3.9167E+01

3.2935E+01
-0:0455 2.6371E+01
:(J . (x& 1.9766E+01

1.3111E+01
-0:0807 6.4003E+O0
-0.0956 -3.7320E-01
~$;;m; -7.2131E+O0

-1 .4119E+01
-0:1415 -2.1085E+O1
-0,1524 -2.8096E+01
-0, 1500 -3,6594E+01

VUL 13~ R

4
4
2
4
4
4
f

DEL~A2~~0

1:200
0,700
0,500
0 700
0 700
1 200
1 200
0 400
0

-:

400
400
700
100



TABLE7

Output file BIJfINPfrom first problem, Used far restarting
<*-

TEST PROBLEM
-1.0000E+07
-3.7700E+02
-3.5425E+02
-3.5425E+02
-2. 8600E+02

3.2609E+02
3.3091E+02
3.3837E+02

-1.0000E+07
‘7.0000E+02

I,0000E+03
-1.0000E+07
-1.0000E+07
TEST PROBLEM
‘1.0000E+07
-3,7700E+02
-3.5425E+02
-3.542SE+02
-2,8600E+02

2.0000E+02
2.0000E+02
3,3837E+02

-1.0000E+07
-7,0000E+02

1.0000E+03
-1.0000E+07
-1.0000E+07
TEST PROBLEM
-9.9998E+06
-1.7700E+02
-1,5425E+02
-1.5425E+02
-8.6000E+01

4.0000E+02
4,0000E+02
5.3837E+02

-9,9998E+06
-5.0000E+02

1,2000E+03
-9,9998E+08
-9,9998E+06
TEST PRUBLEM
-9.9998E+06
-1.7700E+02
‘1,5425E+02
-?,5425E+02
-8.6000E+01

4.0000E+02
4,0000E+02
5.3837E+02

-9,9998E+06
-5,0000E+02

1.2000E+03
‘9,9998E*06
-9,9998E+06

8.4000E+02
9.1OOOE+O2
1,1200E+03
1.0150E+03
1.0700E+03
1 .0150E+03
9,3000E+02
9.3000E+02
5.0000E+02
4.0000E+02
4.0000E+02
1.2000E+03
0.

8.4000E+02
9,1000E+02
1, 1200E+03
9.0000E+02
1 .0700E+03
1.0700E+03
9.3000E+02
9.3000E+02
5,0000E+02
4,0000E+02
4.0000E+02
1 .2000E+03
04

8,4000E+02
9.1OOOE+O2
1.1200E+03
9.0000E+02
1.070(3E+03
1.0700E+03
9.3000E+02
9,3000E+02
5.0000E+02
4.0000E+02
4.0000E+02
1.2000E+03.u.

4000E+02
1000E+O2
1200E+03
0000E+02
0700E+03
0700E+03
3000E+02
3000E+02
0000E+02
0000E+02
0000E+02
2000E+03

2000E+O0
mm::+:?

0000E-01
0000E-01
OOOOE-01
2000E+O0
2000E+O0
0000E-01
0000E-01
0000E-01
7000E+O0
1000E+OO

1.2000E+O0
1,2000E+O0
7,0000E-01
5.0000E-01
7,0000E-01

-7,0000E-01
1 ,2000E+O0
1 .2000E+O0
4.0000E-01
4,0000E-01
4,0000E-01

-2,7000E+oo
I ,IOOOE+OO

1.2000E+O0
2000E+O0
0000E-01
0000E-01
0000E-01
0000E-01
2000E+O0
mxm:+gl

OOOOE:O1
0000E-01
7000E+O0

,1oOOE+OO

1,2000E+O0
1 ,2000E+O0

-3.0000E-01
1.5000E+O0

-3.0000E-01
3.0000E-01
1.2000E+O0
1.2000E+O0
4.0000E-01
4,0000E-01
4,0000E-01

-2,7000E+oo
l,IooOE+OO

.

I .
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Output from cylindrical problem (Input Table 2)

.-



.

“1.75
5

1.55
3

1.75
2

.

#

o. 0.

%00+ 3

6007
8

...
,.. ”

1.87

8007 . . ,.;:

Iotj(j. ,.””

12007

,. ,. ,. r. ,. ,. ,. ,. r. ,. h !.

o 0 0 0 0 0
0 0 g
~ y z z

ORIG” NAL CROSS SECTION FROM PROSPECTUS

Crass section output from LOG-type

o 0
0 0
m o

FIGURE 4

(Input Table 3)

200.

%00.

600.

000.

1000.

1200.



90

80

I 20

160

200

290

280

320

360

boo

Wo

1

GRAV

LOG .

CORR O . ...... ...... ... .. . . . ..

U2FE/GINl ORIGINAL CROSS SECTION FRCIM PROSPECTUS FIGURE5

Density’output from LOG-tYPe problem (Input table 3)

.-



,
I

o-

2oo-

%00

600-

800”

1000

1.10

9

B

1.50

2.,00

2

d.70 12

9 3

.1200-

1 1 ,. ,. ,. ,. ,. ,.
,. ,. ,.

0 0 0 0 0 0 0 0 0 0

0 0 y 0 0 0 0 0 0

Cfl If y fu 9 In m 0
I

TEST PROBLEMFOR DOIONSIRATION

Output from first prablem <Fig. 2“) ‘afterINT interaction
.-

....

0.

200.

%00 .

600.

800.

1000.

1200.



. . .

m

2oa

900

600

800

1000

1200

c

a

1.50

I

2.70 12
%: 3

0.

200.

rcsr PRoBLEM rOR OEMONSTRAIION

Output from first problem

FIGURE7
(Fig. 2) after INT and ADD interactions

%00.

600.

800.

iooo.

1200.

..

.



.

0.

200

%00

600

800

3.00

10007 2

2.70 12

*“ 3

1200.

,. 1. 1. ,. ,. ,. ,. ,. ,. ,.

0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

~ y ~ fy ru * 10 m o

TEST PROBLEMfOR OCMON5TRATION

.

Output from first problem

FIGURE

(Fig. 2) after lNT,

+

8

-J@I1and DENinteractims

o.

200.

%00.

600.

Boo .

“ 1000.

- t200.



%0

80

120

160

200

290

2B0

320

36a

%Otl

Wta

I

P

$’,.
m..——:

GRAV

LOG

CORR 1 . .

u2FE/GINl ORIGINAL CROSS SECTION FROM PROSPECTUS FIGURE

Density plot from third problem (Figs 4,5) after DEN

9
interacticm

●

,.





PAGE

* FaRTRAN MAIN
PRCIGRAM TENPLUT (HSP, TAPE2i TAPE63=25, TAPE17, TAPE3, TAPE4, TAPE5)

m

c

c
C****

CLICHE DATACLICHE
CODE ANALYSIS
PARAMETER (MNEDIM=201)
ADDRESS EBRAN, KBRAN, DBRAN,LABELS
COMM6N/CSCAN/ INPUT(1OO), IDEC(1OO),NMES1 N
CUMMUN/CDATAl /LASTCARD(8 ),KSCAN(10)
CUMMUN /CDATA2/ MNEMUNI C,NEXTM,NWCJRD
COMMCYN /BIFDAT/ CURR(lOO), CRHCI(5O),DPT( 100), DRHI3(1OO),EX,

1 G(lOO), ILT,1LV(1OO),1NA( 100,5), INB(1OO,5),1RV( loo), ISIG(26),
2 JZX JZY, KIT(8),KK, KV(25,50) ,LDEP, LER,LZEP,NA(1OO) ,NB(1OO),NI
3 NLF6(25), NLFT(25),NP NRT(25), NRTT(25),NV(25, 5O),R(1OO),RCOR(
4 RHt’3L( 100), RMD(50),TS~,TSTM, TTH(26) XO(26),XA[1OO) XB(1OO),
5 XMD(50),XMN(50) XMX(50), XN(50), XAF’f,XSHFT ZO(26),*A(1OO),
6 ZB(lOO), ZLF-r(50~, ZMCl(50) ,ZMN(50), ZMX(50),AN(50) ,i?5F?D(50)

CaMM6N /Mf31?E/ ZPT(lOC)), ZRT(25),ZSHFT, RHL(1OO),
lLLOG,D D1(IOO),DD2(1OO) DDR(1OO)

EQUIVALENCE (FINPUT, INI%T)
DIMENSI(3N FINPUT(l)
ENDCLICHE

USE DATACLICHE
DIMENSION MNES(MNEDII’1),l .ABELS(l ), IPR0MPT[2)
EQUIVALENCE (LABELS,MNES(2))

JDP,
(50),
100),

*XX**

INPUT ASSUMPT113NS

100 LINES MAXIMUM
50 Vf3LUMES MAX WITH MAX f3F 25 LINES PER Vf3LUME
MAX 6F 100 1NTERSECT15NS WITH MA)( UF 5 LINES PER INTERSECT15N
XA,ZA,XB,ZB INPUT CCM3RDINATES 13F LINE ENDSJTHEN CODE SORTS SC3
XA 2A ARE COORDINATES OF LEFT (Mf3ST NEGATIVE X ) END 6F LINE

X6,ZB GF RIGHT END-
2 INCREASES DUWNWARDS
DRH5 IS 0R1GINALL% DENSITY UN RIGHT MINUS DENslTY UN LEFT AS INPUT
C6DE WILL CHANGE TO MAKE CUNSISTENT WITH XA LEFTMUST P@lNT

SEE USERS MANUAL FOR DETAILS

DEFINITIONS

C5RR=DIFFERENCE BETWEEN CALCULATED GRAVIMETRIC DENSITY AND
CUMPUTED “L6G” DENSITY ---ALS6 USED AS TEMP. PARAMETER

CRH6=SURTING PARAM
DD1,DD2 ARE INPUT GRAVITY MEASUREMENT DEPTHS
DDR IS DENSITY MEASURED BETWEEN DD1 AND DD2
DPT=GRAVITY MEASURING DEPTHS
DRHG=DENSITY 6N RIGHT c3F INPUT LINE MINUS THAT CIN LEFT
EX IS SIGNAL TO EXIT FROM LUGDEN UR AN ERR(SR IN INPUT
G=CALCULATED GRAVITY
IDEC=1,2 UR 3 DEPENDING 6N WHETHER INPUT IS --,NUMBER,5R LETTER
IDS IS A TEMPURARY VERSlf3N UF IDEC
ILT=NUMBER t3F VC3LUMES
lLV=Vf3LUME (3N LEFT UF EACH LINE
INA(K,L) ARE THE L LINES THAT HAVE LEFT ENDS AT 1NTERSECT113N K
INB(K.L) ARE THE L LINES THAT HAVE RIGHT ENDS AT INTERSECTION K

, * ,



PAQE 2

c
c
c
c

E
c
c
c
c
c

:
c
c
c
c
c
c

E
c
c

E
c
c
c
c
c
c
c
c
c
c
c
c

E
c
c
c
c
c
c
c

E
c
c
c

E
c
c
c
c
c
c

.ENAMES
),FLOATING VALUES 6F INPUT DATA

INEW, INEW2 ARE L13G FIL
INPUT,FINPUT ARE FIXED
IRV=V13LUME ON RIGHT UF EACH LINE
lSIG=l IF SCARP CORRESPONDING Tc3 THAT LETTER E)(ISTS
JDP IS INDEX c3F iNPUT DEPTHS--AND MAXIMUM VALUE
JZX=NUMBER 13F LINES
J
KIT IS TITLE
KK=NUMBER 6F LINES CROSSED GCIING UP CALCULATING DENSITY
KV(K,L)=l IF VOLUME IS UN LEFT 5F LINE IN QUESTI~N (WHILE

THE V6LUME)
LDEP IS

‘2~=J2X_PLUS’ ARTIFICIAL END LINES

; THE NUMBER UF MEASUREMENT DEPTHS
> IS TFMPflRARY \/AlllF flF I nFPLDP .- . . . .. . . .. .. . . .,---- -, ---,

LDER IS INDEX FUR INPUT GRAVIMENTRIC DENSITY
LER IS THE NUMBER (5F THE PASS THRU THE C6DE WITH CHANGES
LZEP=NUMBER 6F SURFACE MEASURING P61NTS
NA=INTERSECTION Nfi flF i FFT FNil flF i lNl=
NB=1NTERSECT113N N
NI=NUMBER
NLFF IS SURTING VARIABLE
NLFT IS SURTING VARIABLE
NP=NUMBER 5F INTERSECTIONS
NRT 1S S6RTING VARIABLE
NRTT IS .93RTING VARIA~l F
NV(K,L)=LINE NUMB
RECALCULATED GRAV

.- .-,- -, .-, .--, - ... -
.’43. 13F RIGHT END dF LINE (MAXIMUM X)

? 13F-~”lNES FOR THE Vi3LUMZ

.. ... . . ...-
)ERS (1< CIF THEN) F6R LTH V6LUME
/lMIETRIC DENSITY
) GRAVlflETRIC DENSITY
‘URARY lNTEGRATEtI LGG DENSITY
5G DENSITY
J3G DENSITY FROM INPUT DENSITIES

OF THE V(3LUME
‘4UMBER TSTM ITS NEGATIVE
: SCARb- -
( CJF SCARP
3F LEFT END UF LINE (MINIMUM)

:B=X VALUE 13F RIGHT END OF LINExl
XMD=X CJF MIDDLE 6F V6LUME
XMN=MIN X 6F VCJLUME
XMX=MAX X UF VULUME

Processing

)(N.s~RTING VAR[ABLE
XAFT=X ~F V6LUME Ft3R DENSITY
XSHFT=X ADDED T6 ALL INPUT
ZO=INITIAL Z OF SCARP
ZA=LEFT Z 6F LINE
ZB=RIGHT Z UF LINE
ZLFT IS S6RT1NG PARAMETER
ZMD=Z UF MIDDLE UF VULUME
ZMN 1S MINIMUM Z eF VULUME
ZMX=MAX Z OF VOLUME
ZN 1S S6RTING PARAMETER
ZURD 1S SURTING PARAMETER
ZPT IS HURIZUNTAL PCXS1T16N
ZRT IS SURTING PARAMETER
ZSHFT=CUNSTANT ADDED TLY ALL

CALC
X VALUES, THEREFORE HOLE SHIFTED -XSHFT

~F SURFACE MEASUR NQ PtlINT

INPUT VALUES CJF Z F13R SHIFT

********X**%****** ***********X****** XX******X********* *XXI******

DATA (MASKL=77777777770000000000B) >(MASKR=7777777777B),
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1 , m

c
LP02

LP03
c

LPOO

c
c
c
c

I NOO
c
c
c

200

D201

C**
c
C**

JO1
J02

J05

J1O

J15

c
c
c

c
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CALL SETDATA( lNUNIT, IPRUMPT)
G(3 TtY LPOO
CALL SETPROMPT( IPRCIMPT)

CALL DATA(99. , IDEC, lNPUT)
1DX=2

BRANCH LUUP

lF(LMN,EQ, l) G(3 TU 200
DU lNOO IJ=l,MNEDII -
IF (MNES(IJ).EQ.001
IF (lNPUT,EQ.MNES(
CGNTINUE

INPUT D6ES N5T BEG

IF (INTYP,EQ.2) JO
DO D201 1=1,98
J=99-I
INPUT(J+l)=l NPUT(J
IDEC(J+l)=lDEC(J)
Gc3 T(7 (Z21, J01,ER5), INTYP
* * * * * * X7 i x x-x( !4 x x x

INPUT FLYR NEW BIFUR
* * ** * x * * * * * * * * :!(
IF(LL6G-1)J02 L6G2,LUG3
IF(JZX.NE,O) G/J TIY J1O
IFC=l
Jzx=l
DU J05 K=1,8
KIT(K)=KSCAN(K)
GO T13 LPOO
IF(LZEP.NE,O) G(3 TU DP40
IF(LDEP.NE.01 GU TO DP1O
IF(NWURD.NE.5) GU TU DPO1
LSUM=O
DO J15 K=1,5
LSUM=LSUM+IDEC(K)
IF (LSUM.LT.1O) ::2~U ER14
1F(LSUM.GT.1O)

SCARP UR LINE ENDING ON SCARP

CALL UNCCIDE
JZX=JZX+l
GU TCI LPOO

c NURMAL LINE INPUT
c-!

,Z
) 200,
J)) G(7 TO LABELS(IJ)

N WITH RECW3N1ZED LITERAL

,

J25

c
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XA(J)=XA(J) +F1NPUT(2)
AD2 XB(J)=XB(J )+FINPUT(2)

G~ TU LP03
b

C Cf3ME TCI ABOVE FOR CHANGES, THEN BELUW T6 RESTART
c
- LelG2

c
c
c
c
c

IF(LMNN. NE. 1) LMN= 1
IF(lDEC(l),NE.2) GC( TG LP02
LMN=O
LMNN= 1
JDP=JDP+l

READ M6R1A UUTPUT FILE,CONVERT FT T6 M,KEEP FIRST AND SECOND
DEPTHS FOR PL~TTING GRAVIMETRIC DENSITY. ALSCl PUT UNDUPLICATED
DEPTHS lNTU DPT FdR Calculations, STURE GRAVIMETRIC DENSITY

LL4

LL5

LL3

LL8
LUG3

c
c
c
c
c

c
c

FINPUT(l)=I
F1NPUT(2)=I
DD1(JDP)=F
DD2(JDP)=F
DDR(JDP)=F
IF(LDP,EQ,(
TT1=FINPUT
IF(ABS(TT1
LDP=LDP+l
DPT(LDP)=F
TT1=FINPUT
G5 TU LL5
TT1=FINPUT
lF(ABS(TT1
TT1=FINPUT
lF(ABS(TT1
LDP=LDP+l
DPT(LDP) =F1iiPUT(2)
::p:~ LL8

DPT(l)=FINPUT(l)
TT1=FINPUT( l)-FINPUT(
IF (ABS(TT1).LT.O.1)
LDP=2
DPT(2)=FINPUT(2)
GCJ TU LPOO
IF(LMNM,NE.1) LMN=l
IF(IDEC(l).NE.2) GO T
LFIN=O
LMNM= 1

INPUT(1 )~TMUL
1NPUT(2)*TMUL
NPUT( 1 )
NPUT(2)
NPUT(4)
) GO TO LL3
1)-DPT(LDP)
.LT.O.1) Gfi T5 1..1-4

NPUT( 1 )
2)-GPT(LDP-1)

1)-FINPUT(2)
LT.O.1) GG TO LL8

2)-DPT(LDp)
.LT.O.1) G6 TO LL8

T6 L

.P02

.L8

READ ALEXFILE 6F INTEGRATED LUG DENSITIES
CH55SE L6G DEPTHS MATCHING GRAVIMETRIC DENSITY DEPTHS
GET INTEGRATED DENSITY BETWEEN THEM

DRD=FINPUT(l )*TMUL
IF (LDR.EQ.0) Gf3 T6 LU6

LCI1 IF(DRD.LT.DPT(LD’ )) Ge TO I_POO
IF(RHI.NE.O. ) GO TCJ L02
RHI=FINPUT(6)
DR I =DRD

LU2 CUNTINUE

INITIALIZING lNTEGRA” ED DENSI”
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c

c
c
c
c
c
c

c
c
c
c
c

Lf34
LU5

LU6

L67
LU8

RI
Di
DI
DI

lF(DRD. LT.DPT(LDR)) &Y T6 LPOO
–HIT=FINPUT(6)

RH=RHIT-RHI
RI T=DRD
3P=DRIT-DRI

lF(DDP,GT.O, ) GO T6 Lt34
RHL(LDR)=O,
Ga T5 LU5
RHL(LDR)=DRH*TMUL/DDP
RHI=RHIT
DRI=DRIT
LDR=LDR+l
lF(LDR.GT,LDEP) G5 TCI GPL
GLY TU LPOO
IF(DRD.LT.DPT(l)) GO TU LU8
D(Y LU7 L=2,LDEP
IF(DRD.GT,DPT(L)) GCI T(3 LU7
LDR=L+I
LD1=L
GO TU LCI1
C6NTINUE
LD1=l
LDR=2
G6 T6 Ldl

FINDING FIRST TWP! P61NTS BELOW FIRST LOG DEPTH P61NT

END 6F L6G INPUT

GUI CALL UXFNAME(3HB1F)
CALL UX801D(’’BUX U79 HEARST”)
Ge TU G62

IF EUF IS PRESENT EITHER END UF NURMAL INPUT GRAVIMETRIC
DENSITY INPUT, UR LOG DENSITY INPUT. VALUE tflF LL6G SHaWS

O Nf3RMAL, 1 GRAV DENS,2 LUG DENS

El 1

G52

FOP

FUT

IF (LL6G.EQ.1) LDEP=LDP+l
lF(LLCIG,EQ.2) Gd TO GPL
LDEP=LDEP-1
LZEP=LZEP-1
WUT 3,FW4,KIT
EX=O,
CALL CHECK
IF(EX.GT.O, ) f30 TU TER
CALL VCILUMES
lF(EX.GT.O. ) GU TU TER
CALL BIFPLT
WUT 3 FWO
DO FUt J=l,JZX
WOT 3,FW2,J XA(J), ZA(J),NA(J),XB(J) ,ZB(J), NB(J), ILV(J),

lw&~V$J:ti~RHb (J)

Da FVf L=l.ILT

WHICH

NIL=N1 (L) -
Wr3T 3, FV1, L, (NV(K,L),K=1,1 O), RMD(L), XMD(L),ZMD(L)

FVT IF(N1L.GT.1O) WeT 3, FV2, (NV(J,L),J=11,NI L)
IF(EX.EQ. 1.) CALL QUIT(1)
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PAOE 8

GPL
GTB

c

CALL LCX3DEN
CALL GEXEC
IF(LLtiG.ECt.0) GCl T6 GTB
IF(LER,EQ,O) , GPL
LLUG=2
lF(lDS.NE,3) Gd T5 ER5
GO TU 222
CALL GPL!3T
CALL GTABLS(IFIL,1,2)
WUT 59,FILL, IFIL

; MAKE AN INPUT-TYPE FILE dF CUI?RENT LINE DATA
b

FILL
FILT

FVO
1

FV1 ‘
FV2
FWO

FW21
FW3
FW4
FW5

W(3T 5,FW5,KIT
W(3T 5, FW3, (XA(J),ZA(J),XB(J ), ZB(J), DRHO(J),J=l,JZX)
CALL PLt3TE
CALL EMPTY(3)
W(3T 59,FILT
LER=LER+l
GU TEI Bll

c
c
CXXXXXFILE

LEIG1 LLOQ=l

Gf3---- 13R EiYD”}
L5 L6 L7 ,.0 L9 L1O RHL3° ,

F5RMiT1011=LuT FILE IS II,A8,1080H)
F5RMAT( ’’TYPE-DEN- INT-AOD- , THEN
FCjRMATjL&’ VCJL L1 L2 L3,,)L4

ZMD
FURMAT( 1114,F6.3,2E12. 4)
FURMAT(4X,1014)
FU~~A:(” LINE LEFT X LEFT Z LFT INT

RT [NT VUL ON L V13L CJN R DELTA
FORMAT( 15, 1X,2E12.4,2X, i4,2X,2E12.4,2X, i4,4X,
F6RMAT(5E12.4)
FGRMAT (“1’’,8AlO,//)
FURMAT(8A1O)

RT
RHt3° )
i4,5)(,

“x

i4,5x, F7 .

JZX=JZX-1

THiS BiT READS FiRST THE GRAVIMETRIC DENSiTY FiLE (NAMED BY
SECUND WURD UN CARD WiTH FiRST WORD “LUGS” AND L6G DENSITY FiLE
NAMED BY THiRD WORD. THE FOURTH WORD iS A Multiplier THAT SH6ULD
BE1. iF INPUT 1S iN METRES AND UUTPUT WANTED IN METRES
UTHERWiSE iT iS ASSUMED THAT L6G INPUT iS iN FEET AND
GEULUGY INPUT iN METRES
THEN THE REST UF THIS S5RTS UUT iNPUT FiLES

221
222

L21

1DS=IDEC(3)
INEW2=1NPUT(3)
TMUL=F1NPUT(4)
iF(NWCJRD.LT.4) TMUL=.3048
IF(1DEC(2).NE.3) ER5,
1NTYP=2
IOPENED=OOB
INEW=INPUT(2)
IF (LLUG.GT.1) 1NEW=iNEW2
GO TU L21
10LDFiLE=lNFILE
INFILE=lNEW
IF (iNFiLE.EQ.3RTTY) G5 1(3 M21
CALL DEViCE(’’CLCLSE”, iOLDFILE, lERR)

,, .

3)
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CALL DEVICE( ’’UPEN’’, INFILE,KEPT IERR)
IF (I ERR, EQ. O.e.IR. IERR.EQ. 2) ,Ek10
IF (INUNIT.EQ.59) INUNIT=2
CALL ASSIGN( lNUNIT, lNFILE)
CALL SETDATA(INUNIT)
G(3 TO LPOO

6*****END SAVE
C22 CALL QUIT(lQUIT)

c
c
ij****xJERRUR RETURNS

ER5 WUT 59, FER5,1SCALE, INPUT(1 ),FIN;y~(~m;)
FER5 FCJRMAT( ’’:UNACCEPTABLE VALUE: ,, .

GO T5 ERUR
4,, “,E1O.3)

ER1O W5T 59,FER10, INFILE
FER1O FORMAT(’’:CANN6T @PEN “,A1O)

GU TCI EROX
FER14 F5RMAT (“FISHY INPUT CX3UNT WRCING”, 14,A’11)

GO Ttl ERUR
ER15 WeT 59, FER15, JZX, INPUT(1)

FER15 F6RMAT (“EXPECT (3NE WL3RC) F6R DEPTH SIGFI?,L”, 14,AII )
G(Y T(3 ERUR

ER14 WCIT 59 FER14, JZXJ INPUT(1)
GcI TiY kRUR

1PR13MPT=”:? ‘“
GG TO LP03
IPRUMPT=’’:’? ‘“
GG TU LP02
END

9 ,
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SUBROUTINE BIFPLT
USE DATACLICHE

1 FORMAT(’’VULUME “ , 13,” HAS DENSITY LE ZERO”)
DIMENS15N XPl(2),ZM(2)

b

C PLOTS GRID dN ONE FRAME WITH U)(8O
c

lF(NFIR.NE,O) GCi TO A20
NFIR=l
Da A1O K=l,lLT

AlO ZN(K)=XMX(K) -XMN(K)
c
C USING ZN SLdPPING UVER INT5 ZfiRD AS SURTING VARIABLE.u

A20

A21
c

DXMN=AMI NAFIZN, l,ILT l,Pl)
XMXX=AMAXAF(XIIX, 1, ILf, l,M)
XMNN=AMINAF()(MN, 1, lLT, I,M)
ZMXX=AMAXAF(ZMX, 1, ILT, l,M)
ZMNN=AMINAF(ZMN, 1, ILT, l,M)
lF(XMNN.EQ,O. ) XMNN:-CI. I%XPIXX
DXMX=XMXX-XMNN
IF(ZMNN.LT,O. ) ZMNN=l. I*ZMNF!
lF(ZMNN,GT,O) ZMNN=.9*ZMNN
lF(ZMNN.EQ.O. ) ZMNN=-O. l*ZMXX
ZMXX=l .l~ZMXX
DZMX=ZMXX-ZMNN
IF(DXMX.EQ,O. ) DXMX=.001
cHARN=5.*DxMx/DxMN
CALL DDERS(-1)
XM1=XMXX+1OO,
XM2=XMNN-1OO ,
XMXX=l .l*XMXX
XMNN=l .l*XMNN
XMXX=AMAX1(XMXX, XM1)
XMNN=AMIN1(XMNN, XM2)
DXMX=XMXX-XMNN
RATIU=DZMX/DXMX
CHARW=DXMX/CHARN
IF(RATIU,GT. 1.) CHARN=CHARN* R
IF(CHARN,LT.lOO. ) CHARN= 100.
CALL UXCHSIZ(CHARN)
CHARW=DXMX/CHARN
IF(RAT16.GT. 1.) CHARW=CHARW*RA
CW6=6,*CHARW
ZMNN=-ZMNN
ZMXX=-ZMXX
XM(l)=XMNN
yl[m;=xrnxx

❑ -ZMNN
ZM(2)=-ZMXX
CALL DDERS (-1)
DST=DZMX/10 .
STT=ZMXX-DST
DxT=DxMx/8.
DxTT=xMNN-(DxT/2 , )
DXT=XMNN-DXT
Dtl A21 K=l,ILT
ZN(K)=ZMX(K) -ZMN(KJ

AT 1~

,TIU

PAGE

c NCJW USING ZN FUR VULUME HEIGHT
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c

c
c
c
c

:

c
c
c

c
c
c

2

A30

A35

A40
A50

CALL SETCH(l 1.,0,
W6T 100,2,Kli’
FfiRMAT(8A10)
CALL UXCHSIZ(C!IARN)
Da A30 J=I,JZX
ZA(J) =-ZA(J)
ZB(J)=-ZB(J)
DO A35 J=I,lLT
ZMD(J) =-ZMD(J)
SMIN=. 1
:tll;= ; :

=

0,0,0)

. . . . . . .
TMAX= .9
IF (RATIU.GE. 1.) G6 T6 A40
TMAX=TMIN+.8*RAT15
GCI TU A50
SMAX=SMIN+. 8/RATICl
CALL MAP(XMNN, XM)(X, ZMXX,ZIVINNJ P4JSMAX,TMIN, TMAX)

WE HAVE SET UP A GRID INCREASING x AND Z-DIMENSIONS 6THER THAN
BOUNDARIES BY 10 PERCENT, CHARACTEE SIZE 1S SPECiF1kD S6 THAT
4 CHARACTERS FIT IN X-DIMENS:ON EIF ~!.4RReWE.ST V5LUME.
SCALE 1S SAME iN B6TH DIMEF!SINNS. Z Is SET NEGATIVE Ff3R PL6TS

A60

A61

CALL GAXI.S(XMNN, ZMXX,XP’iXX,ZMXX, 1,0,0,
CALL GAXIS(XMNN, ZMNN,XMNN,ZMXX, 0,0,0,
CALL GAXIS(XMXX, ZMNN,XMXX, ZMXX,O,O, I,
CALL LINEP(O, ,ZMXX,O. ,ZMNN, 3)
Da A60 J=l,JZX
CALL LINE (XA(J), ZA(J),)(B(J),ZB(J ))
DU A70 K=l,lLT
lF(RMD(K) .LE.0,001) WeT 59,1,K
IF(RMD(K), LE.O.001) GO Ta A70
lF(ZN(K).GT.CW6) G6 TO A61
STT=STT+DST
CALL SETLCH(DXT,STT)
WUT 1OO,F4,RMD(K)
WUT 100 F3,K
CALL DD#RS(l)
CALL LINEP (DXTT, STT,XMD(K),ZMD(K) )
CALL DDERS(-1)
GU TCJ A70
Z1=ZMD(K)-CHARW
Xl=XMD(K)
CALL SETLCH (X1,Z1)

WRITING V(3LUME NUMBER

W6T 100,F1,K
F1 FURMAT(I2)

X1=X1 -CHARW
Z1=Z1+3.*CHARW
CALL SETLCH(X1,Z1)

WRITING DENSITY

WUT 1OO,F2,RMD(K)
F2 FURMAT (F4.2)
F3 FURMAT (1X,12)

UF7<0,,

“F7.0”
“F7,0”

,O,XM)
,O,ZM)
,O,ZM)

.



. ●

PAGE 12

A%

A72

A75

c

F(3RMAT(F5.2J
CUNTINUE
DU A80 K=I,NP
LA=INA(K, I)
lF(LA,EQ.0) GO TO A72
X1=XA(LA)
IF(LA.GT.JZX) Gd T(3 A80
lF(X1.LT.TSTM) GU TU A80
IF(X1,GT.TST) GU TU A80
Z1=ZA(LA)
QU TU A75
LA=INB(K, l)
X1=XB(LA)
lF(LA,GT.JZX) G6 TU A80
lF(X1.GT.TST) G6 T6 A80
IF(X1.LT.TSTM) GCI TIY A80
Z1=ZB(LA)
X1=X1-CHAR!]
21221-1 ,5M~,H/4~w
CALL SETLCH(X1,Z1)

; WRITING 1NTERSECT16N NUMBER
G

A80

A90

W6T 100,F1,K
CONTINUE
Da A90 J=l,JZX
2A(J) =-2A(J)
ZB(J)=-ZB(J)
CALL FRAME
RETURN
END
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SUBRCiUTINE CINT
C8DE ANALYSIS
USE DATACLICHE
BIQ=1,E+7
SML=-BIQ

c
C CHANGES LOCATIaN UF AN lNTERSECTleN
C TTY INPUT IS “INT”, INTERSECTION NUMBERJNEW X,NEW Z SPACE DELIMITED
C USING N(3RMAL SCARP C(3NVENTION S6 X IS INPUT(3),Z 1S INPUT(4)
~ IF N13 SCARP USED
u

lF(LER.GE.0) GU TG A1O
Xx=xxx
Zz=zzz
Xxx=zzz=o.
G(3 TU BO1

c
C THIS WILL MAKE S C6DE FORG!ET LAST INT CHANGE
c
C TEST FUR SCARP,L ,aR R
c

AlO XXX=ZZZ=O.
IF((IDEC(3) .NE.2).5R. ( IDEC(4).NE.2)) GG Ta A50
xx =FINPLIT(3)
ZZ=FINPUT(4)
Ga TO A1OO

A50 IF (IDEC(3~.EQ.3) , A70
c
~ X IS dN SCARP UNLESS L (3R R

A51

A52

~ A70

LET=INPUT(3)-40B
IF (LET.EQ. 12) ,A51
XX =SML
ZZ=FINPUT(4)
GO TO A1OO
IF (LET.EQ. 18) , A52
XX=BIG
ZZ=FINPUT(4)
GU 16 A1OO
ZZ=F1NPUT(4)
ZT=ZZ
CALL LOCATE (3,LET,ZT,2)
XX=ZT
GO T6 A1OO
XX=F1NPUT(3)

L

C HERE Z IS aN SCARP
c

c
C NUW
c

A1OO

BO1

ZT=XX
CALL L6CATE (3,LET,ZT,1)
ZZ=ZT
Ga TU A1OO

WE HAVE NEW X AND Z

IS=FINPUT(2)
IT=O
DO B1O K=1,6
IF(INA(IS, K).EQ.0) Ga TU B20
NL=lNA(lS,K)

. *
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c
c

*

SETDATA DECLARATIONS
TYPE BYTE MECJM(6)JMMSG(6)
DIMENSIUN MMSG(l)
D1MENSI13N MEUM(l)
DIMENS16N MSG(8)
EQUIVALENCE (MMSG(l) MSG(l))
EQUIVALENCE (NEUM,ME&M)
DATA (NEc3M=40777740020400000000B)

DATA DECLARATIONS
ABSOLUTE IAA(0)
ADDRESS BRANO
ADDRESS NMEADD
ADDREss LO9~,\~~B:~S3a+&O~B,L9C!B, L06B,L02B,L0713,

]~BL17,L18,L19,l-l
L 1
, l\

M6CS

Iii(i)
NMEADD (
TYPE( 1 )
MANT(3)
MaCS(30
:U_l..;q

NSYMB ( 8

(io]
(l),

I

NTYPE(l)

DIMENS16N
DIMENSIUN
DIMENSIUN
DIMENSIGN
DIMENSI13N
DIMENS113N
DIMENSICIN
DIMENSIr3N
CCIMMUN/CDATAl /LS~L1NE(8), LS
CUMMCJN/CDATAO/LCYCS( 1),L40B

1 LIO, L11,L12,L13,LI A IT= Ii
2 LOR,LOP LOM,LOE,LO

cclMrlr3N/cbATA2/MNEMly
EQUIVALENCE (TYPE(l
EQUIVALENCE (LSCAN(
EQUIVALENCE (lS--’”
EQUIVALENCE (Wd
EQUIVALENCE (NM
EQUIVALENCE (MA
DATA (FMT=1OB,5(UUB) 1411B)
DATA (LSCAN(9)=1OH$ + $ $ s )
DATA (LSTLINE=O 0,0,0,0,0,0,0)
DATA (MNEMr3NI C=b), (NEXTM=6R. INIT,)
DATA (NSYS=1601B)
DATA (BRAN2=.LUC.E500)
DATA (NW6RD=O)
DATA (INTA=.L6C.C500)
DATA (MNES= 00B, 40B, 33B.OIB, IRS

1 lRO, lR1, 1R2, 1R3, 1R4, 1R5, 1R6: :~$: ;E8; &
1 lRR, lR+, lR-

DATA (MCiCS~AL~~&~g66~
1RB lR. )

. -LL@;~’ ‘

;CAN(10)
L33B LOIB, L04B,L06B,L02B

~,1-I-,L16 LIt,L18, L19,
)B,LOD L14&
lNIC,NkXTM NWURD
).NTYPE(l\)
1) KCJL(l)); (NSYMB LCHAR(l))

)1L5N SK&PT), (SYMB,NSYMh)
IRD fwORD)
lEAbD WURD)
LXLXM~X), (L6CS(1 ),LOOB), (FL5T, IFX)---- . ..—.

C550, 2(~L0c.B552), .Lac
~ou,uall, ,Lac.c512,

; 8(, LeC. C%~i:a:y:LUc, c502)
2 .Lt3C,C500, 2(.L6C,C506), 2t.L(3C.C500), ,Lr3C,C510,

PAGE 15

, L07B,

. Z500J

4
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1 LaC.C500 )
c NtiTE : CaMMPi 0PTI13N DISABLED ABCWE

DATA (IFMT=-1OOOOOO)
DATA (L1NT=20,2,3)
DATA (MASK1=77770000000000000000B)
DATA (MSG=36360000004002040000B)
DATA (MASK2=OO01 OOOOOOOOOOOOOOOOB)
DATA (MASK3=36000000000000000000B)

c
c DATALST DECLARATIONS

DIMENSICIN LST(l),LABS(l)
DATA (NLST=O), (LSTSKP=l)

c
CUDE ANALYSIS

b

IGU=IQ8QARGS+2
IF (IG13.GT.5) 1G6=4
@&T~ ~A300, B300,C300,B300, E300), lGCI

SCAN RETURN
: =2 DATA RETURN
c ❑ 3 NA~lELIST INPUT
c ❑ 4 CALL OATA
c =5 CALL SCAN

CX*XXY4******
ENTRY DATALST(N6LST, LST,LABS)
NLST=NCJLST
LSTSKP=l
IF (IQ8QARGS.EQ.3) LSTSKP=LABS
RETURN DATALST

c
G

CALL DATA(NAMELIST)
C300 lSCAN=-1

IFLOAT=O
NWORD=1WURD(2)-1
IF (MASK3. lNT.1WURD(3).EQ ,IH*) ,A301
IFLOAT=l
GU T(3 A301

u
CALL SCAN(N, NTYPE,W6RD)
c NTYPE=3 ASCII
c =1 INTEGER GCTAL
c =2 FLCIAT1N6i
c =4 LAST W6RD +1
c =5 SKIPPED FIELD
c

E300 ~~~P&~W~RD

1Q8QAiGs=-1
RETURN

;ALL DATA(vl, N1,v2,N2, ,,,)
c
5 DATA RETURN

B300 :+v@v@~:PE

IQ8QARGS=0
c

( C6MMA )

c SCAN RETURN
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A300

A301

c

IFLOAT=O
NWURD=O
IF (MAX. INT.MASK1.NE.0) ,A301
rlAx=xr4Ax
IFLt3AT=l
MNEM(3N1C=NEXTM
GO TO BRAN2

E511

E501

E512

c
E51O

F2

ES09

c
c
c

E502

c
CXX***READ INPUT

E500 Da E511 1=1,8
LSTLINE(I)=LSCAN( 1)
LSCAN(I )=OOB
IF (lTTYSEN.EQ.59) .E51O
1ER=O
NSYS=1601B
KEEP=O
CALL GCN3(NSYS,KEEP 1000B,LSCAN)
IF (KZEP.EQ.1) , E5b2
IF (MSG(l)) ,E512,
KEEP=O..——.
cALL &3B(1412B,K EEP,10E,MsG)
IF (KEEP.EG).1) E512,
NSYS=1600B
GG T6 IZ501
IER=IER+l
IF (IER.GT.5) E509,E501

READ (ITTYSEN,F2) (LSCAN(I), I=1,8)
FURMAT(8A1O)
IF (E6F, ITTYSEN) ,E502
NSYMB=3REUF
G6 T6 760

INITIALIZE
NCUL=O
lLIT=O
lF(lLIT.EQ.0) G6 TU Q651

c
C**********
C****X*X***
c START NCaL LCX3P

DCI A500 NCOL=1,82
KHAR=K13L(NCUL )
KINT=KHAR-20B
BRAN1=.LUCOA500

520
c
c
c

C500

c

DO 520 J=l 25
IF (KHAR. Etl.MNES(J)) GU T6 L6CS(J)
CUNTINUE

ASC I I
JTYPE=5
LOR=lNTOR=lNTA
IF (NCHAR.GE.9) ,6500
IF((K13L(NC13L+1 )).NE.00B) ILIT=-1
BRANl=.Lac.A600

b
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13500

c
c

C502
C501

G501
c

C503

c
c

C505

C506
B506

c
c
c
c
c
t
c

N600
P600
M600
Q600
K600

L600

c
c

C508

NCHAR=NCHAR+l
LCHAR(NCHAR) ❑KHAR
LOOB=,LOC.A600
L33B=L01B=L04B=L06B=L1 4B=.L13C.C552
IF (JTYPE.GT. lTYPE) ITYPE=JTYPE
Gi3 TU BRAN1 S$!% A5CI0,A600

INTEGER
INTOB=INTA
NacT=(N@cT, sHL,3).
M.SHF=PISHF-I DEC
LOP=LOM=,L6C .C505
LOE=,LOC,C509
LOB=lNTOB
LOR=INTOR

UN,KINT

MANT(IEXP)=MANT( IEXP)*1O+K1NT
INT=INT+l
.lTYPF=l
iF’”(?NT. GT.LINT(IEXP) ) C500,i35a0

+UR-
1EXP=2
INTB=,Lac.G501
G6 TIY B506
lNTB=.LGC.C502
f4~+4~~~EXP)= -(KHAR-14B)

KL=19
KU=23
G6 T6 Q600

RES:T+B~A~C;ES
+

R+-EB
kR+ -EB.
B + -EB .
E EB.

B.
jTYPE=4
INTB=.LUC,C503
KU=24
DO K600 K=KL,KU
L13CS(K)=1NTA
D6 L600 K=9 18
~CJ~S~K)=lNT&J

=. .
G6 Ttl B500

OCTAL B
INTB=lNTA
JTYPE=2
KL=20
G6 T6 M600

c
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c

C509

c
c

C51O

c
c

C51 1

c
c

C512
A511

D511

B511

E
C514

c
c

C550

c
c

E

E
C552

B552

c
c

E
c

A600
c
c

E
I EXP=2
LOP=LOM=,LJ3C .C509
KL=22
GCI TO N600

y::c( i )

INTB:.LCiC.C502
KL=23
JTYPE=4
G6 TO M600

(’) RT JUSTIFIED
ILIT=I
JTYPE=4
DO D511 1{=9,25
L15CS(K)=INTA
L02B=L0’76= .LUC.B51 1
G6 TCI A50G
Lo2B=,L13c.c51 1
Lo7B=.L13c.c51 2
ILlT=iL1TX2
GO TU A600

@#Yo’4B)
40B
NCUL=NCUL+l
G5 TU A500

S (04B ECYM)
GO TU 2500

(33B ESC)
NCOL=NC6L-1
GO TU A600
NSYMB=OIB
BRAN2=oLeC.Q651
G~ TU 763

& T5 E500

OOB
G6 T5 (6S4,632, 633,633,631), ITYPE

G*k***PRucEss wc-JRD
c
c 6CTAL

632 IFX=N(3CT
AFMT=’’lX,UIOJ “

L b
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A632

c
c

634

ITYPE=l
Gd TU 650

INTEGER
IFX=NSIGN*MANT
AFMT=’’1X, 110, “
IF (1FL13AT) ,A632,
FLeT=IFX
G6 TU 636

; FLt?iAT
633

635
636
637

c
c
c

631

640

)+MSHF

G6”TU 650

ASC 1 I
~~{~l_~lGHT

IF (l~lT) Q642,
LSYMB=NSYMB
Dti 640 J=1,1O
IF (LCHAR(l).EQ
NSYMB=NSYMB .SHL

,

I.00B)
.6

A642,

‘A642

C642
c
c

621

A621

c
c
c
c
c

6642

c
CXX%*KCHECK MNEMONIC LIST

BRAN2=.LUC.Q651
:~M~~~YMB. EQ.6R.DBUG. ) ,C642
. . . ..-
G(3 T(Y E500
IF (ISCAN) ,763,B642

NAMELIST
DO 621 K=1,1OOO,3
KEEP=IWURD(K )
IF (KEEP.EQ.6H$E$NSD ) 763,
IF (LSYMB.EQ.KEEP) A621,
CUNTINUE
GU T(3 763
NWURD=1Wt3RD(K+l )
KEEP=IW13RD(K+2)
:Hfl~S52.1N T.KEEP.EQ. MASK2) GO

IF (MA~K3. lNT.KEEP.EQ. lHx ) ,Q651
lFLUAT=l
(36 TO Q651

DATA
GU TCI 763

SCAN
BRAN2=.LOC. P642
IF (NW6RD) Q642,Q642,
DO 644 K=I,NLST,LSTSKP

NMEADD(K+l)



644

c
P642
Q642

c.

IF (LST(K),ECI,00B ) Q642,
IF (NSYMB.EQ,LST(K)) 763,
C(3NTINUE
GO TU Q642

NWURD=O
lFX=NSYMB
AFMT=’’1X,A1O, “

b
AX*****%***
C**********
c

650

c

666

c
A668

669

667
665

:
Q651

646
c
c

A500
Zsoo

c

:

ST(3RE IN PR6PER ARRAYS
BRAN2=.LUC,Q651
K=O
lF(K,EQ.0) GLY T5 666

I)CI 665 K=1,PIANT(3)-1
NW6RD=NWCIRD +1
lFMT=IFMT+l
IF (l FMT. GT.~C&Ffl&&&FMT+l )=AFMT
IF (ISCAN)
IF (l TYPE. N&,5)’ IAA(NWCIRD) =lFX
ASSIGN 665 Tr3 BRANO
G6 TU 812

NTYPE(NW6RD )=ITYPE
IF (lTYPE.NE.5) lWORD(NWURD)=IFX
ASSIGN 667 T13 BRANO
GU T6 811
IF (NWURD.LT,MAX) ,1001
CUNTINUE

INITIALIZE
I’IANT=MANT(2)=MAN
NSYMB=NCHAR= INT=
IEXP=NSIGN=NSIGN
IF (lABS(ILIT).G
INToB=.Lec.c507
INToR=.L13c.c508
Da 646 K=l 25
L(3CS(K)=MU&3(K )

C6NTINUE
NSYMB=1R3
IF (ISCAN) E500,E500,

\

c
g*xxt**RETuRN
G

760
763

c
764

BRAN2=.LUC.E500
ASSIGN 1003 TU BRANO
IF (ISCAN)
IF (IFMT) l&%&815

IF (NW5RD.LT.MAX) , 1002
NTYPE(NWURD+l )=4

PAGE 21

+F=O

. &
b
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c

002
003
000

IWURD(NWURD+l
IF (IFMT) ,,8’
NEXTM=NSYMB
RETURN

1001

=NSYMB
4

NSYMB=lR/
GU T(3 763

b
C***x*****)x
c DEBUG ,

811 IF (IFMT.EQ.5) BRANO
814 W6T 59, FMT, (1W!3F%3(KK),KKLNWURD- IFMT+1,NW13RD)
813 IFMT=O

GO T8 BRANO
812 IF (iFMT;Ed.5) ,BRANO
815 Wf3T 59,FMT, (IAA(KK), KK=NWUI?D-IFMT+ 1, %Wil?l)

G(3 TU 813

c

3

8
:

c

B1

c
A2

A3

c
Al

B2

ENTRY SETDATA( INUNIT, lPRGMPT)
TYPE BYTE MPRUMPT(6)
DIMENSION 1PR5MF’T( I)JMPROMPT(l)
EQUIVALENCE (I PR5MPT( I),MPR6MPT(1) )

Q13T6 (1,8 3) IQ8QARGS+1
CALL SETPR&MP~( IPR(3MPT)
GO TO 2
IF (lNUNIT.EQ.59) MSG(l)=OOB
ITTYSEN=INUNI T
BRAN2=.LCJC.E500 33$ CLEAR BUFFER
RETURN SETDATA

ENTRY SETPR6MPT(IPR6MPT)
J=O
IB=O
DU 4 1=1,80
KEEP=MPR6MPT (1)
IF (KEEP.EQ. lR ) A2,
IB=O
IF (KEEP,EQ, lR-) A3,
IF (KEEP.EQ. lR_) Al,
.J=.1+1
rnM5G(J)=KEEP
GU T6 4

IB=lB+l
IF (IB.GT.5) ,Bl
J.J-5
KL=4
KU=6
1 =85
GO T5 B2

KL=l
KU=6
CONTINUE
Dfl 5 I1=KL,KU
J=J+l
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5 MMSG(J)=MEaM(l I)
4 C(3NTINUE

RETURN SETPR6MPT
END
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SllBRUUTINE GPL6T
USE DATACLICHE
DIMENSICIN XM(2),ZM(2)

c
~ PL13TS MEASURED LCJG DENSITY

MEASURED GRAVIMETRIC DENSITY
c CaRREC-rED GRAVIMETRIC DENSITY
C ON SAME SCALE. CHANGES CCJRRECTED DENSITY D(3T sPACEING FUR EACH RUN
c

c
C NUW
c

100

200

300

WE HAVE AXES WITH Z

LS=LER+2
LSS=1O-LS

NCREAS

SS=LSS
DCi 100 J=l,JDP
CALL LINE(I)DR(J), DD1(J),DDR
CALL LINEP(RCUR(J), DD1(J),R
LDD=LDEP-1
D(Y 200 L=l.LDn

8
j$!:&::,OjXM)

,,. ,O,zr’i)

NG DOWN

J),DD2(J))
,J6R(J), DD2(J),LS)

-..——
DO 306-L=<,I-UV
CALL LINEP(RHL(L),DPT(L-1), RHL
CALL MAP (0.,10.,0. 10.)
CALL SETLCH (8. 1,9.~,0,0,0,0)
WCIT 100 1
CALL SE
WUT 10C
CALL SE

3L12H(8.1,9.)
!,2
.TLCH~8. l,SS )

,10,,9,5)
,10.,9.,1)
,::. ,ssJLs)

,+l),DPT(L), l)

.(L),DPT(L),l)

?,
tR”. 12)

END



SUBRUUTINE GEXEC
c
g MANAGES CALCULATION 6F G
b

c
c
c

50
60

70

CALCULATE CCJRRECT1(3N

83

90

c
c
c

180
200
300

E
c

400

A
3
4

:
7
a

E1=O.
DU 90 L= .2
G(L)=O, -
0(3 85 K=l,KEND
Xl=XA(K)

T6 FAG

X2=XB(K)
Z1=ZA(K) El
Z2=ZB(K)-E1
G(L)=G(L) +DRtiU(K)*DG(Xl ,X2,Z1,Z2)
CONTINUE
El =-15.
CCINTINUE
FCUR=O. 795165*(G(1)-G( 2))

CALCULATE SUBSURFACE GRAVITY

,)X13(30(1,)(2,Z1,Z2)

CALCULATE DENSITY

W13T 3,2
W6T 3,6,FCaR
DU 400 L=2,LDEP
IF (DPT(L) .EQ.DPT[L-1)) G6 TO 400
R(L) =-11 .92748* (G(L)-(3(L-1 ))/(DPT(L)-DPT(L-1))
C5RR(L)=RH5L(L) -R(L)-FCOR

CaNTINUE
FaRMAT(8A10)
FORMAT(” DIEPT 1 DEPT 2 RH6
F6RMAT(2F1 O.1,4FIO.4,E1 2.4)

RHO NUM

F6RMAT(E13. 4,3E12.4)
F5RMAT(///” “A&-PUfS!,TIUN o
FURMAT (“

DG “ )
,4OX,F1O.4)

FURMAT (3E15.6)
F6RMAT( /,’’NdTE: CGRR= RHO NaM - RHd -VAG C5RR”)

PAGE 26

RHO CORR CURR”)

*
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c
c
c
c
c
c

c
c
c
c

c
c
c
c

c
c
c

9 Ff3RMAT(” DEPTH 1 DEPTH 2 CdRI? RH5 CCIRR “)

CALCULATE CURRECTIdN TO MEASURED GRAVIMETRIC DENSITY
MUST MATCH CALCULATED AND i’iEASURED DEPTHS
PREVIUUSLY DID CALCULATIONS UN ALL MEASURED DEPTH P61NTS
BUT SaME MEASURED PAIRS MAY CX3VER MORE THAN UNE cALCULATED PAIR

IF(LLaG,EQ.0) GO TO 475
DCI L1OO J=l,JDP
L1=O
IF(DD1(J), EQ,DD2(J)) G(5 TO L1OO
L2=0
DDX=AMAX1(DD1 (J),DD2(J ))
DDM=AMIN 1( DD1(J),DD2(J ))
RC=D.

PICKED TUP AND B5TT13M UF INTERV.AL. EACH 3H(?IUL13 BE A
CALCULATED DEPTH

LOS

L19
L20

DIY L20 L=l,LDEP
IF(L1,GT,O) GU T6 L05
DIM=DDM-DPT(L)
IF(DIM.LT. 1.) L1=L
1F(L2.GT,O) GCI TO L19
DIX=DDX-DPT(L)
lF(DIX.GT. 1.) G6 TIY L19
L2=L
IF((L1. GT.O),AND. (L2.GT.
CUNTINUE

O)) GU T5 L30

NUW WE HAVE L VALUES OF ENDPCIINTS
L2 IS NUT NECESSARILY GRETER THAN L1

L30 LX=MAXO(L2,L1)
l-p:p~N~~L2,Ll )

lF(DL-1) L1OO
RC6R(J)=DDR( J~+C&#LX)
G5 T6 L1OO

L40 L3=LM+1
De L50 L=L3,LX

L50 RC=RC+CURR(L) *(DPT(L) -DPT(L-l))

EQUAL DEPTH VALUES WERE REM6VED IN L6GDEN

L1OO
c
C N6W
c

475

477

c
c

RCUR(J)=DDR(J)+RC/(DPT(LX) -DPT(LM))
RCC(LX)=RC5R(J)

WE HAVE THE C6RRECTED GRAVIMETRIC DENSITIES

L),
1),

CURR (
R(L),

CALCULATE SURFACE GRAVITY

L),RCC(
RHUL(L)

L)
, RCC ( L), C(3RR ( L),G(L)
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c

480
500

600

;:4-; , 5

DO ;06 L=l,LZEP
G(L)=O,
Da 500 K=l,JZX
X1=XA(K)-ZPT(L)
~~=~~13[]-ZPT(L)

Z2:ZB(K)
Q(L)=G(L) +DRH6(K)*DQ(X1 ,X2,
C6NTINUE

IF(L.GT, l) DDG=G(L)-G(L-1)
ld~~u~A7, ZPT(L),G(L) ,D12G

END

2’1,22)

PUKCTIC3N oG (x1,x2,z1 ,221.

: CALCULATES GRAVITY AT A IW31NT CAIJSED 3’{ A SEGMENT

10

20

25
30

40

DG.o.
IF ((X1 .EQ.O. ).AND. (Z1 EQ.0,))
IF ((X2. EQ. O. ).AND. (Z2.EQ, 0,))
THO=l .570796327
TH1=SIGN(THO,X1)
TH2=SIGN(THOJX2)
IF (Z2.NE.0. ) TH2=ATAN2(x2,Z2)
IF (Z1.NE.O, ) TH1=ATAN2(X1,Z1)
T2=TH2-TH1
P1=2*TH0
IF(ABS(T2).LE,PI) GU T6 25
TX=2.*PI-ABS(T2)
T2=-SIGN(TX,T2)
IF(Z2.NE.Z1) G~ TO 40
DG=-Z1*T2*.01334
G6 TCJ 50
A=(X2-Xl)/(Z2-Zl )
B=(X1*Z2-X2*Z1 )/(Z2-Zl)
AB=B/(1 .+A**2)
Tl=LuGF((x2**2+z2**2)/(xl **2+2
~:;@::(, 5*Tl+A*T2)*.ol 334

F5RMAT(8E12.4)

W T6 50
GO T6 50

!1**2))

END

* ● *
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*

c
c
c

N1

N3

c
c
c

Zo 1

N2

N4

ERO 1
FER 1

ER02
FER2

ER03
FER3

F(3RTRAN
SUBROUTINE LmCATE(K, LET,XZ,N)
USE DATACLICHE
BIG=1OOOOO,
ISIG(12) =IS1,2(18)=0
IF(ISIG(LET), EQ,O) Gtl TO ERO1
IF(N.EQ.1) ,201

THIS IS FUR X INPUT

IF(TTH(LET), GT,BIG) GO T13 ER02
DX=XZ-XO(LET)
f~~;O~\E;~~D~;TTH(LET)

ZA(J~X)=ZZ ‘ ‘
RETURN
ZB(JZX)=ZZ
RETURN
Xz=zz
RETURN

THIS IS FaR Z INPUT

[F(TTH(LET).EQ,O)
DZ=XZ-ZO(LET)
;~~[O&;ET)-DZ/TTH

,N2,N4
yl;;)=x)(

::;;:;)=Xx

Xz=xx

GU Tff

(LET)

Ef?03

r

I

I

ED Lf3CATE”,A

ZUNTAL LINE

CAL LIN “,A1

11,15)

“,A11,15)

1,15)
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c
c
c
c
c

22
25

50
c
c
~ NUW

60

65
c
c
c

70
100

c
c
c
c

SUBRaUTINE L6GDEN
USE DATACLICHE

ORDERS DEPTH,CALCULATES LUG DENS

FIRST ORDER DEPTHS

Da 50 K=l,LDEP-1

TY BETWEEN DEPTHS

LSAV=K
De 25 J=K+l,LDEP
IF(DPT(J), LT.DPT(LSAV)) Ga TO 22
IF((DPT(J) .NE.DPT(K-1) ).5R. (K.EQ. 1))
&AV=J
CUNTINUE
DSAV=DPT(LSAV )
DPT(LSAV)=DPT(K)
DPT(K)=DSAV
CQNTINUE

N5W DEPTHS ARE ORDERED
ELIMINATE DUPLICATES

CCJRR(l)=DPT(l)

(L .URR ) ) Ga T6 60

G(3 25

SEARCH LINES FUR TH6SE CROSSING HOLE AND STC3RE DENSITIES

XAFT=XSHFT
ENTRY V5LDEN
KK=O
Dtl 100 N=l,JZX
DEL=l. -
IF((XA(N) .LE.XAFT).AND. (XB(N).GE.XAFT)) ,100
IF(XA(N). EQ.XB(N)) GU TU 70
ZCT=(ZB(N) -ZA(N))* (XAFT-XA(N) )/(XB(N)-XA(N))
ZCT=ZA(N)+ZCT
KK=KK+l. ... . .. .
ZORD(KK)=ZCT
IF(XA(N).GT. XB(N)) DEL=-1.
NRT(KK)=N
CRHU(KK)=DEL*DRHO(N)
IF((XA(N) .EQ.XAFT),OR .(XB(N).EQ.XAFT)) W6T 3,800
CUNTINUE

WE HAVE SELECTED ALL LINES WHaSE INTERSECTI13N WITH H6LES IS
ABCJVE MAX DEPTH. NUW URDER THEM

Da 150 L=l,KK-1
LSAV=L
DU 125 J=L+l,KK
IF(ZURD(J), LT.ZURD(LSAV) ) ,125

. * .
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125

150
c
c
c

200

c
c

:
c
c

240

250

270

300

c
c

320

330

LSAV=J
CONTINUE
NSAV=NRT(I-SAV)
DSAV=CRHU(I-SAV )
ZSAV=Z6RD(LSAV )
CRHf3(LSAV)=CRHIY
ZCIRD(LSAV)=ZURD
NRT(LSAV)=NRT( L
CRHC3(L)=C9SAV
ZaRD[L)=ZSAV
NRT(L)=NSAV
C6NTINUE

NUW SUM DENSIT ES TO GET DENS

(L)
(L)
)

DU 200 Ls2,KK
CRHO(L) =CRHti(L)+CRHU( L-1 )
lF(EX,NE.O. ) RETURN

TY BELUW EACH LINE

URDERED SET CIF DENSITIES P.ND DEPTHS
Nal.o GET AVERAGE DENSITIES BETWEEN DEPTHS

START BY FINDING LINES BELUW TOP DEPTH AND ABOVE B6TTGM
DEPTH FOR EACH DEPTH PAIR. FIRST T5P 6NE

Dd 400 L=l,LDEP-1
MM=NN=MN=O
IF(DPT(L) .LE.ZaRD(l)) , 240
IF(DPT(L+I ).LE.ZURD( 1)) G6 16 400
Mm=l
RH1=O.
Z1=Z6RD(1)-DPT(L)
GCI T6 270
D6 250 K=2,KK
IF(ZURD(K). QT.DPT(
MM=K
RH1=CRHU(K-1 )
Z1=ZORD(K)-DPT(L)
G6 T5 270
CUNTINUE
WI Tt3 410
D6 300 K=2,KK
IF(ZORD(K). GE.DPT(
NN=K-1
MN=K
RH2=CRH6(NN)
z2=DPT(L+l)-
GCI TU 320
C6NT1NUE
NN=KK
RH2=0.
Z2=DPT(L+1 )-

2(3RD(

ZORD(

L)) ,

L+I))

NN )

KK )

250

.300

N6W WE HAVE MM--LINE BEL6W THE T6P MEASURING PUINT
AND NN--LINE AB@JE Bf3TTdM POINT

N6W GET DENSITIES

IF (MM.EC).MN) , 330
RHUL(L+l )=RH1
:elH&oo400

❑ ,



PAGE 32

IF(MM. EQ. NN)
340 ~~U~&Lj&&=(PRHb~~81*Zl +RH2*Z2)/(DPT(L+l)DPT(L) )

350 D(3 360 J=MM,NN-1
DZ=Zf3RD(J+l )-ZCIRD(J)

360 PRHU=PRHG+DZXCRH6(J)
GO T5 340

400 CONTINUE
410 RETURN
800 ~CJ~MAT (“WARNING-- LINE ENDS UN HULE DENSITY BAD “)
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Scol

u
c FIRST X IS (3N SCARP
c

1F(1DEC(2),EQ,3) GO TG ERO1
LET=INPUT(l )-40B
IF(LET.ECI,12)

c
,X105

c LEFT X. INFINITE --LETTER IS L
c

XA(JZX)=SML
Gc3 TO NX02

X105 IF (LET,EQ.’I8)
c

,Xllo

: RIGHT X lNFiNITE--LETTER IS R
L

Xllo

NXO1

c
c
c

NX02
NX03

c
c
c

c

XA(JZX)=BIG
G6 T(3 NX02
ZA(JZX)=F1NPUT(2)
CALL LaCATE( l,LET,ZA(JZX),2)
GO T6 NX03
XA(JZX)=FINPUT(l)
IF(1DEC(2),EQ.3) , NX02

FIRST Z 1S 6N THE SCARP

LET=1NPUT(2) -40B
CALL L(3CATE (l,LET,XA(JZX), l)
G6 TO NX03
ZA(JZX)=FINPUT(2)
IF (IDEC(3).EQ.3) , NX04

SEC6ND X IS 6N THE SCARP

IF (IDEC(4).EQ,3) G6 TG ERO1
LET=INPUT(3) -40B
IF(LET.EQ,12) , X205

c LEFT X INFINITE--LETTER 1S L
+

XB(JZX)=SML
X203 :W:~)=FINPUT(4)

X205 IF (LET.EQ. 18)
c

,X21O

~ RIGHT X IS INFINITE--LETTER R
b

XB(JZX)=BIG
G6 T(3 X203

X21O ZB(JZX)=FINPUT(4)
CALL LUCATE (2,LET,ZB(JZX),2)
RETURN
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-NX04 IF (IDEC(4).NE.3) Gfi TO NX05
L
c
c

NX05

SECaND Z IS ON SCARP

LET=INPUT(4)-40B
XB(JZX)=F1NPUT(3)
CALL LOCATE (2,LET,XB(JZX
RETURN
IF (LET,EQ.0) GCI TO ER03
XB(JZ)()=F1NPUT(3)
ZB(JZX)=FINPUT(4)
RETURN

),

THIS CARD IS A SCARP LINE

1)

1NPUT
G

Scol LET=1NPUT(5)-40B
JZX=JZX-1
IF((LET. EQ. ”12).CIR, (LET .EQ. 18)) GO Tt3 ER04
ITST=I13EC(1 )+IDEC(2)+1DEC(3)
lF(ITST.NE.C) GU TO ERO1
ISIG(LET)=l
XO(LET)=FINPUT(l)
ZO(LET)=F1NPUT(2)
IF(1DEC(4).EQ.3) ,LO1

c
c INPUT IS XO,ZO,ANGLE (DEGREES + Ta -90)
c!

TH=FINPUT(3)
IF(ABS(TH). GT.90.) G~A~~ ER05
IF(ABS(TH). EQ.90.)
TTH(LET)=BIG
RETURN..—.

A05 TH=TH*.01745
TTH(LET)=TAN(TH)
RETURN

c
c INPUT 1S XO,ZO,X1,Z1A

b LO1

L05

ERO1
FER1

ER03
FER3

,JZX, (INPUT(L),L=l 5)
~ CONSECUTIVE LETTtkR’’,13,/,5All)

INPUT(1) JZX
~--NU LETtERS 6N CARD’’,A11,15)

IIT(1)
FER4, 1NPUT(5),JZX
(“ILLEGAL SCARP LETTER “,A11,15)

CALL QUIT(1)
5 WCJT 59, FER5,1NPUT(3),JZX
5 F~RrnAT(’’.4NGE.E MORE THAN 90 DEGREES “,A11,15)—...- . . .

ER04 W6T 59,
FER4 F6RMAT

ERO:
FERt

CALL QUI 1(1}
END

.
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c
c
c
:
c
c
c

c
c
c

c
c
c

c

SUBRUUTINE VCjLUMES
USE DATACLICHE
DIMENS16N MANG(5), DANG(5),NANG( 5)

THIS SR ASSIGNS ARTIFICIAL LINES T6 LEFT AND RIGHT ENDS
LISTS ALL LINES WITH CCWlM13N I!WTERSECTI@i’lS NA,NB
FINDS ALL LINES SURR(3UNDING EACH VCILJME (STRICTLY,AREA)
AND FINDS DENSITY 6F EAC1+ VaLUtVIE

FIRST DU ARTIFICIAL LINES

AOO
AOl

DO AO1 J=lJIOO
D13 AOO K=1,5
INA(J, K)=INB(J,K)=O
ILV(J)=lRV(J)=O
AM)(=1 .E+7
CALL AMINMX(ZA, l,JZX
CALL PMINM)((ZB, l,JZ)(
M)(=MI
IF(ZAX.LT.ZB)() MX=M3
MN=M2

,1
,1;

ZAN, 2A)(,
Z13N,Z13X,

..—
lF(ZBN.LT,ZAN) MN=M4
lF((XA(PIX), LT.TSTM).ANil .(XB(MX)

IF S(3 MX IS Bt3TT13M LINE

A03

A05

JZX=JZX+l
XA(JZX)=-AMX
XB(JZX)=AMX
ZA(JZX) =ZA(M)()+.01
ZB(JZX)=ZA(JZX)
DRHO(JZX)=O.
NP=NP+l
NA(JZX)=NP
NP=NP+l
NB(JZX)=NP
IF((XA(MN). LT.TSTM
JZX=JZX+l
XA(JZX)=-AMX
XB(JZX)=AMX
ZA(JZX)=ZA(MN)-. O1
ZB(JZX)=ZA(JZX)
DRH6(JZX)=0.
NP=NP+ 1
NA(JZX)=NP
NP=NP+l. . ..
NB(JZX)=NP
C6NTINUE

).AND.( )(B

M2,F11 )
M4, H3)

.GT.TST))

(MN) .GT.TST))

TO A03

TO A05

HAVE PUT IN FAKE TgP AND BUTTOM LINES FR5M L TO R IF NCl REAL CINES

/I;lAIO J=l,JZX
IF(XA(J),GT.TSTM) Ga TO AIO
NLFT(l)=J
;W~; l)=ZA(J)

AlO
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c NOW
c

A20

c
~ NUW

A30

c
C NUW
c

A40

c
C NUW
c

A60
c
~ NUW

A70

c
C Nt3W
c
C N5W
c

c

WE HAVE ALL LINES WITH XA f3N

IF(lEND.LT.2) GO TO ERR1
DO A20 1=1, IEND
ZM=AIIINAF(ZLFT l, IEND, l,M)
NLFFII)=NLFT(M\
ZLFT(M)=TST
CONTINUE
JTP=NLFF(l)

LEF T B6UNDARY

NLFF LISTS LEFT-ENDING LINES 5RDERED BY INCREASING Z

JZY=JZX+l
D5 A30 1=1, IEND-1
NA(JZY) =NA(NLFF(l))
NB(JZY) =NA(NLFF(I+l))
JZY=JZY+l
JZA=JZY-1

WE HAVE VERTICAL “LINES” WITH NA TGP,NB BUTTOM

&1A40 J=l,JZX
lF(XB(J).LT.TST) GO TO A40
NRT(l)=J
+N~~)=ZA(J)

WE HAVE LIST GF LINES ENDING 6N RIGHT BCYUNDARY

IF (IEND.LT.2) G6 TG ERR2
De A60 1=1 IEND
ZM=AMAXAF(tl?T, 1, lEND, l,M)
NRTT(I)=NRT(M)
ZRT(M)=TSTM
CONTINUE

URDERED BY DECREASING Z

JBT=NRTT(l)
DU A70 1=1,
NA(JZY)=NB(
NB(JZY)=NB(
JZY=JZY+l
CUNTINUE
JZY=JZY-1

lEND-1
NRTT(I))
NRTT(I+l))

NEW LINES WITH NA B6TTUM,NB T@P

SURT ALL LINES BY INTERSECT113N

Dd B50 J=l,NP
De B40 L=l JZY
lF(NA(L).N~.J) G(3 TU B30
D(3 B20 K=1,5
IF(INA(J,K).NE.0) GU Tfi B20

c J IS 1NTERSECTI13N NU.,L 1s LINE Nu. THIs Is KTH LINE wITH NA=J

9 *
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c

B20
B30

B35
B40
B50

c
C INA
c

B60

B70

G(5 T6

O) GO

B40

TU B35

CONTAINS NOS. UF ALL L

~~TB~O J=l,NP
=

NES WITH X,4 AT INT, J, INB SAME F13R XB

D6’B60 K=1,5
IF(INA(J,K),NE.0) lTT=ITT+l
D6 B70 K=1,5
IF(INB(J,K).NE,O) lTT=lTT+l
IF(ITT.LT.2) GO T(Y ERR3

~ THIS IS A TEST FUR AT LEAST 2 L
C IT 1S REDUNDANT WITH SUBROUTINE
c

B80 CONTINUE
DU B90 J=lJJZX
IF(XA(J). EQ.XB(J)) , B90
F1NPUT(3) =XA(J)-,01
F1NPUT(4)=ZA(J)
F1NPUT(2)=NA(J)
1DEC(3)=IDEC(4)=2
CALL CINT

B90 C(3NTINUE
c

NES AT ALL INTERSECT UNS
CHECK

; NUW FIND WHICH LINES GO WITH WHICH VULUME
G

1=1
iLt=l
DO C200 J=l,JZX
lF(J.EQ,JTP) GU T@ C200
IF (lLV(J),NE.0) GO T(3 C200
lLV(J)=ILT

L

C TAKING EACH LINE AND IF IT IS NNUT ALREADY Associated UN ITS LEFT
C WITH A V6LUME,GIVE [t A V6LUME NUMBER. FIND ALL CITHER LINES UN SAME
C VCJLUME. R5CEED CCW ARt3UND V5LUME TESTING EACH 1NTERSECT16N
c

lCT=l
JXX=J
NR=NB(J)
NAB=2
~~N~l~O K=1,25

lF(JjX.GT,JZX) G6 TO LFS
IF (NAB,NE, l) GO TU C02

c
C NAB SAYS WHETHER END IN QUEST16N IS RIGHT OR LEFT.
C LINE,

FUR FIRST
INTERSECTION MUST BE ON RIGHT
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c
#G;~T&}~( (ZA(JXX)-ZB( JXX)), (X13( JXX)-)(A(JXX) ))

C02 ANG=ATAN2( (ZB(JX)()-ZA( JXX)), ()(A(JXX)- )(B(JXX.) ))
c
c ANG IS ANGLE 6F FIRST LINE WITH H6RIZ6NTr41-
C MUST REMEMBER Z 1S PUSITIVE E@WNWARDS IN CALCULATING ANGLE
c

C03 Da C1O L=1,5
INP=lNA(NR L)
IF(INP.EQ.b) G6 TO Cll

c
C NO MGRE LINES AT THIS Intersection
c

IF(INP.EQ.JXX) GCI T(3 C1O
c
~ THIS 1S THE LINE WE STARTED WITH

IF(INP.GT.JZX) GU T(3 LFT
c
~ ABUVE ARE VERTICALS AT BGUPDPR: S(3 MUST E?E NEXT LINE
G

ANH=ATAN2( (Z.4(INP)-ZB( INPI), (XB(INP)-)(A(lNP) ))
C04 DING=ANG-ANH

IF(DING.LT.0) DING=DING+6.283
DANG(IANG)=DING

c
~ THIS IS ANGLE BETWEEN FIRST LINE AND THAT BEING TESTED
L

NANG(IANG)=lNP
MANG(IANG)=2

c
~ MANG GIVES NAB 6F UTHER END OF THIS LINE
b

Clo
c
~ NOW

Cll

C20
C21

C30
c
C N5W
c

IANG=IANG+l
CUNTINUE

HAVE L6UKED AT ALL LINES WITH A

DU C20 N=1,5
INP=INB(NR,N)
IF(INP.EQ.0) G6 T13 C21
IF(lNP.EQ.JXX) G6 TU C20
IF(INP.GT.JZX) GCI TCJ C20
ANH=ATAN2( (ZB(INP)-ZA( INP)), (XA
DING=ANG-ANH
lF(DING,LT.O. ) DING=D1NG+6.283
DANQ(IANG)=DING
NANG(lANG)=INP
MANG(IANG)=l
IAN(3=IANG+1

END AT lNTERSECT1eN

,(lNP)-XB(INP)))

CeNTINUE
lANG=lANG-1
DU C30 1=1, lANG
lF(DANG( IANG).LT.O. ) G5 Tf3 ERR4
CONTINUE

WE HAVE ANGLES (3F ALL LINES AT Intersection WITH FIRST LINE

AM=AMINAFIDANG, 1, lANG, l,M)

‘
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c
c
c
c
c

c
c
c

c

E

c
c
c

JXX=NANG(M)
IF(JXX.EQ..I) G(5 TO C180

wE HAVE CHOSEN THE LINE WITH Piir.JlrwM cw ~;LIGLE WITI-I REsplzcr TO
PREV16US LINE. i F J)(X . Em . J I T I S 131.IR.13F,I (=,! FjA~- LI NE AND WERE
D6NE WITH THIS ‘~<OLUME

NAB=MANG(M)
lF(NAB.EGI. [) G(7 T(3 C30
IF(lLV(J)(X; .NE,O) E@ TO ERR8
ILV(JXX.)=ILT
NR=NB(JXX)

Intersection IS NA END (3F ,;EW !.1NE,S6 NEXT 1NTERSECT~t3N 1S NB

GU T5 C150
C50 IF (IRV(J)(X).NE.0) GO ‘(IY ERR8

IRV(JXX)=lLT
NR=NA(JXX)

INTERSECTION 13 NB END

LFS

LFT

G6 TO C150
ANG=l ,57
IF(JXX.GT,JZA) ANG=-A.NG
Q6 T5 C03
ANH=l .57
lF(lNP,LE.JZA) ANI-!=-AIW-I
G6 T13 C04

THIS IS THE ARTIFICIAL VERTICAL LINE SETTING ANGLE Td 90 DEG

C150 lCT=ICT+l
Gd TU ERR5

C180 IF (lCT.LT,3) GU T5 ERR5
ILT=lLT+l

C200 CdNTINUE
ILT=lLT-1
lF(ILT.LT.2) Gd T6 ERR9

b

C NUW WE HAVE lLV AND lRV FGR ALL LINES
C THAT lS,WE KN@W WHICH VOLUME IS ON EACH SIDE UF EACH LINE
c

C300

D1O

D20
c
C XRT
c

De C300 J=l,JZX
IF((l LV(J).EQ.O).AND. ( J,NE.JTP)
lF((IRV(J ).EQ.O).AND. ( J.NE.JBT)
C6NTINUE

) GO TCI ERR6
) GCj TCI ERR6

RLF=TsT
~(T~~;T~

IF(XA(J)
IF(XA(J)
IF(XB(J)
IF(XB(J)
CUNTINUE

=lJJZX
.LT.TSTFl

:!5::%7;
.GT.XRT)

) G(3 T5 D1O
XLF=XA(J)
GO To D20
XRT=XB(J)

1S LARGEST NUN-B13UN13AV<I X, XLF SNALLES”T

PAGE 39

DU D1OO I=I,lLT
N1(I)=l



PAGE 40

DO D50 J=
lF(ILV(J)
NV(NI (I),
KV(NI (I),
N1(l)=NI(

c
g lLV(J)IS I

13!so

DIOO

Ga TU D50
lF(IRV(J)
NV(N1 (I),
KV(N1 (I),
NI(I)=NI(
CONTINUE
NI(I)=N1(
C6NT1NUE

)=i
)+1

iEb
1)=2
1)+1

1)-1

GCJ D50

g WE HAVE NCJW LISTED ALL LINES SUF7RdUNDlNG EACH W3LUME [1 AB5VE)
C AS NV(NI ) WHERE THERE ARE NI LINES FOR EACH V6LUPlE
C (AND ILT V6LUMES)
C KV IS 1 IF VdLUME IS ON LEFT aF LINE,2 IF 5N RIGHT
c
c NUW
c

E20

c
C Ml
c

FIND DENSITIES AND M1DP131NTS UF VULUMES

DO E200 I=l,lLT
N1T=2XN1 (I)
L=O
~13L~;0 K=l,N1 (I)

J~=NV(K, I)
XN(L)=XA(JK)
IF(XN(Lj.LT.TSTM) XN(L)=XLF- .1*ABS(XLF)
ZN(L)=ZA(JK)
L=L+l
XN(L)=XB(JK)
IF(XN(L).GT.TST) XN(L)=XRT+ .l*ABS(XRT)
ZN(L)=ZB(JK)
CALL AMINMX(XN, l,NIT, l,AN,AX, tll,M2)
xMD(l)=(Ax+AN)/2.

DDLE X OF VaLUME

) ❑AX
)=AN
~M~}MX

) :AN
XMD( I )

V6LDEN

(ZN, 1. NIT, 1,AN,AX,M1,M2)

~
C FIRST FIND A Z INSIDE V(7LUME,THEN l~ENSITY
c

Da E50 K=l,KK-1
N1=NRT(K)
N2=NRT(K+1)
IF((l RV(Nl).EQ. l)\ANDo (ILV(N2).EQ. 1)) Gt3 T6 E60

E50 C6NT1NUE
Ga TU ERR7

. ‘



* * ●

PAGE 41

ZMD(I)= (Z6RD(K+I)+ZORD(K ))/2.
RMD(I )=CR1-Kl(K)
GO T13 E200
CUNTINUE
DU E300 J=l,JZX
DELR=RMD( lRV(J))-.RPH3( lLV(J))
DELT=DELR-DRHCJ (J)
IF (ABS(DELT), GT,O.01) GL3 T(3 EF?RO
RETURN

E60

E200

E300

ERR1 WOT 59,FER1
c FROM NEAR A1O

G(?I T13 F1OO

J

~lR, ]Np, ]LT, [

ILT,JXX,NR

J

I

JXX. ILT, ILV(

ANG,DANG

JXX), lRV( JXX )

G5 T6-F100
ERRO W5T 59, FERO, J,lLV(J), IRV(J ), DRH13(J), RMD(ILV(J)), RMD(IRV(J)),DELR

c FROM E300
&Y Tf!l F1OO
tiUT’39”.FER9

LINE”, 13,

NE WAS’’, I3,

DE” )

13,” VUL’’, I3,

3,”dN L AND”, 13,
‘WEEN L AND R VALUES “

RETURN
END
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c
c
c
c
c
c
c
c

c
c
c

c
c
c

c

SUBR5UT1NE VdLUMES
USE DATACLICHE
DIJIENSIUN MANG(5), DANG(5),NANG(5)

THIS SR ASSIGNS ARTIFICIAL LINES TO LEFT AND RiGHT ENDS
LISTS ALL I.INES WITH CtiMMON 1NTERSECT1filW3 f4’l,l!B
FINDS ALL LINEs SURR0UNDirh3 EACH VULLN4E (S1’f?I[..TL’{,ARE/J)
AND FINDS DENSITY OF EACH VeLLWIE

FIRST D6 ARTIFICIAL LINES

AOO
AO1

De AO1 J=1,1OO
DO AOO K=1,5
INA(J, K)=INB(J,K)=O
ILV(J)=lRV(J)=O
AM)(=1 .E+7
CALL ANINM)((ZA, l,JZX, I,ZAN, ZAX,
CALL $.NINPIX(ZB,lJ \JZX,l, ZBN, ZBX,
MX=M1
IF(ZAX.LT.ZBX) MX=M3
MN=M2
lF(ZBN.LT.ZAN) MN=M4
lF((XA(MX) .LT.TSTM).AND. (XB(MX)

IF S6 MX IS BOTTC3M LINE

A03

NA(JZX)=NP
NP=NP+I
NB(JZX)=NP
CUNTINUE

,01

‘STM ) .

,01

M2,M1 )
M4,M3)

.GT.TST))

AND . (XB (MN) .GT,TST)) G6

A03

A05

HAVE PUT IN FAKE T6P AND B6TTOM LINES FR6M L T6 R IF N6 REAL UNES

A1O

&lAIO J=l,JZX
lF(XA(J).GT.TSTM) GG T6 A1O
NLFT(I)=J
;UH!l)=ZA(J)

f:~ji~uf
=-

● ☛
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C NaW
c

A20

c
C NCiW
c

A30

c
C NOW
c

A40

~ NOW

A60
c
C NUW
c

A70

c
C NUW
c
C NUW
c

WE H.AVE ALL LINES WITH )(A 5N LEFT BUIJNDARY

IF(lEND.LT.2) Gd Ttl ERR’I
D(3 A20 i=lJ IEND
Z1’”i=Ai’41NA[;(ZLFT, i, IEND, l,N}
NLFF(i )=NLFT(P1)
ZLFT(l’i):~TST
C8NTINUE
JTP=NLFF(l

NLFF l.,IS~S

JZY=JZX+l
D6 A30 1=1
NA(JZS)=NA
NB(JZY)=NA
JZY=JZY+I
JZA=JZY-I

LEFT-ENDING LINES CIRDERED BY lNcRE,4S1NG Z

IENO-1
NLFI”( I ) )
NLFF(I+l))

WE HAVE VERTICAL “LINES” WITH NA TUP,NB B6TTL3M

1=1
De A40 J=lJJZX
IF(XB(..I). LT,TST) GO TIY A40
NRT(l)=J
ZRT(I)=ZA(J)
1=[+1
&3NTiNUE
IEND=l-1

WE HAVE LIST UF LINES ENDING UN RGHT B(3UNDARY

IF (IEND.LT,2) GO TO ERR2
De A60 1=1, IEND
ZM=AMAXAF(ZRT, 1, lEND, l,M)
NRTT(I)=NRT(M)
ZRT(M)=TSTM
C6NT1NUE

CJRDERED BY DECREASING Z

JBT=NRTT(l
De A70 1=1
NA(JZY)=NB
NB(JZY)=NB
JZY=JZY+l
CONTINUE
JZY=JZY-1

)
1END-
NRTT(
NRTT (

1
1))
1+1))

NEW LINES WITH NA B6TT(3M,NB T5P

S6RT ALL LINES BY INTERSECTIUN

De B50 J=l,NP
De B40 L=l,JZY
IF(NA(L),NE.J) G6 TG B30
DO B20 K=1,5
lF(INA(J,K).NE.0) GCI TCi B20

PAGE

b

C J IS lNTERSECTlaN N(3,,L IS LINE NO, THIS IS KTH LINE WITH NA=J
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c

c
c
c

c
c
c
c

c
c
c

c
c
c
c
c

c
c
c
c

c
c
c
c

020
B30

035
B40
050

I NA

B60

B70

:5J )

.NE,

G(3 T@

,0) G6

134il

TU 535

CUNTAINS NOS. CJF ALL LINES

~yTB~O J=l,NP

Da ;60 K=l 5
IF(INA(J, K\.iNE.0)
DO B70 K=1,5
lF(lNB(J,K).NE.0)
lF(ITT.LT.2) G@ T6

TT=ITT+

TT=~TT+
ERR3

THIS IS A TEST FUR AT LEAST 2 L
IT 1S REOUNDANT WITH SUBROUTINE

B80 Cf3NTINUE

NUW FIND WHICH LINES GO WITH WH

1=1
lIT=l

WITH )(A AT INT. J,INB SAME F5R XB

i4~4c~T ALL NTERSECTIUNs

CH VaLUME

.-..
De C200 J=l JZX
lF(J.EQ.JTP\ GU T5 C200
IF (ILV(J).NE.0) G5 TO C200
ILV(J)=ILT

TAKING EACH LINE AND IF IT 1S NNCYT ALREADY ASSOCIATED 6N ITS LEFT
WITH A VULUME,GIVE It’ A VULUME NUMBER. FIND ALL OTHER LINES UN SAME
VULUME. RCJCEED CCW ARUUND V13LUME TESTING EACH [NTERSECTIUN

lCT=l
JXX=J
~W&N~(J)

~~N~l~O K=1,25

lF(J;X.GT.JZX) GU TO LFS
IF (NAB.NE.1) Ga TO COZ

NAB SAYS WHETHER ENII lN QUESTIdN IS RIGHT 13R LEFT.
LINE, INTERSECTION MUST BE UN RIGHT

FUR FIRST

ANG=ATAN2( (ZA(JXX)-ZB( JXX)), (XB(JXX)-XA(JXX) ))

C02 RfiG~xT2R~( (zB(J)(x)-2A( .Jxx)), fxA(Jxx)-xB(Jx)() ))

ANG IS ANGLE 5F FIRST LINE WITH HUR1Z6NTAL
MUST REMEMBER Z IS P6SIT1VE D6WNWARDS IN CALCULATING ANGLE

● ✃ *
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C03 Da C1O L= 1,5
lNP=INA(NR, L)
lF(IIWP.EQ.0) GO TO Cll

G

C N6 MCIRE LINES AT’ THIS INTERSECTIUN
c

IF(lNP.ED.JX}() GO Td CIO
c
C THIS IS THE LINE WE STARTED WITH
c

IF(lNP.GT.JZX) GU Ta LFT
c
C ABCWE ARE VERTICALS AT BOUNDARY Sfl MUST BE NEXT LINE
c

ANH=ATAN2( (ZA(1NP)-ZB( INP)), (XB(lNP)-XA(lNP) ))
C04 DING=ANG-ANH

IF(DING.LT,O) DING=DING+G.283
DANG(lANG)=DING

c
C THIS IS ANGLE 13FTWEEN FIRST LINE AND THAT BEING TESTED
c

NANG(IANG)=I NP
MANG(IANG)=2

c
C MANG GIVES NAB 13F f3THER END UF THIS LINE
c

Clo
c
~ NUW

cl 1

C20
C21

C30
c
C N5W
c

c

IANG=lANG+l
CCINTINUE

HAVE LU6KED AT ALL LINES WITH A END AT INTERSECT16N

DU C20 N=1,5
lNP=lNB(NR,N)
IF(INP.EQ.0) GIY T6 C21
IF(lNP.EG.JXX) G6 T6 C20
IF(lNP.GT.JZX) G6 T6 C20
ANH=ATAN2( (ZB(1NP)-ZA( INP)), (XA(INP)-XB(lNP) ))
DING=ANG-ANH
IF(DING.LT.Oo) DING=DING+6.283
DANG(IANG)=DING
NANQ(IANG)=INP
MANG(IANG)=l
lANQ=lANG+l
CUNTINUE
IANG=IANG-1
Dc3 C30 1=1, IANG
IF(DANG( IANG).LT.O. ) G6 TO ERR4
CUNTINUE

WE HAVE ANGLES UF ALL LINES AT iNTERSECTION WITH FIRST

AM=AMINAF(DANG, 1, IANG, l,M)
JXX=NANG(M)
IF(JXX.ECI,J) GCI TO C18CI

LINE

E WE HAVE CH(3SEN THE LINE WITH MININUM CW ANGLE wITH RESPECT TO
C PREVIOUS LINE. IF JXX.EQ.J IT IS 13UR 6RIGINAL LINE AND WERE
C DUNE WITH THIS VOLUME
c

NAB=MANG(M)
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lF(NAB.EQ.1) GU TO C50
IF(ILV(J)(X). NE.0) Gd T(3 ERR!?
lLV(JX)()=]LT

NR=NB(JXX)
c
~ lNTERSECTIGN IS NA END (3F NEW LINE,S6 NE)(T INTERSECT16N 1S NB
u

GO TU C15CI
C50 IF (lRV(JY.X).NE.0) G(3 TU ERR8

lRV(JXX)=lLT
NR=NA(JXX)

c
Q Intersection 1S NB END

LFT

Gd TU C150
ANG=l .57
IF(JXX.GT.JZA)
::H:y $:3

lF(lNP.LE.JZA)
Gd TO C04

ANG=

ANH=

-ANG

-ANH

G

C THIS IS THE ARTIFICIAL VERTICAL LINE SETTING ANGLE T6 90 DEG
c

C150 ICT=ICT+l
GIY TCI ERR5

C180 IF (ICT.LT.3) G6 TO ERR5
ILT=ILT+l

C200 C6NTINUE
ILT=ILT-1
IF(lLT.LT.2) GO TCJ ERR9

c
C N6W WE HAVE ILV AND IRV FdR ALL LINES
C THAT IS,WE KN6W WHICH VULUME 1S (3N EACH SIDE 6F EACH LINE
c

C300

D1O

D20
c
~ XRT

c

IS LARGEST IW3N-BOUNDARY X, XLF SMALLEST

DO D1OO I=l,ILT
NI(l)=l
De D50 J=l,JZX
IF(ILV(J).NE.1) GU Tt3 D40
NV(N1(I~, I)=J
KV(N1(I), l)=l
NI(l)=NI(I)+l

C ILV(J)lS I
c

●
●
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D40

D50

D1OO

GO TU D50
IF(IRV(J).NE.1
NV(NI(I), lI=J
KV(N1(I), I)=2
NI(I)=NI(I)+l
CONTINUE
NI(I)=N1(I )-1
C6NTINUE

) GL3 TCl 1350

c
C WE HAVE NOW LISTED ALL I.INES SLIRROUNDING EACH VOLUME
C AS NV(N1) WHERE THERE ARE N1 LIIYES F6R EACH VCILUME
C (AND ILT VaLUllES)
Q KV IS 1 IF VULUME 1S ON LEFT UF L1NE,2 IF 6N RIGHT
G
C Nf3W
c

E20

FIND DENSI”

DU E200 1=
N1T=2XN1(I

IES AND MIDPUINTS UF VaLUMES

,ILT

I(I)

TSTM ) XN (L)=XLF-

L.L+l
XN(L)=XB(JK)
lF(XN(L)oGT.TST) XN(L)=XRT+.
ZN(L)=ZB(JK)
CALL AMINMX(XN, l,NIT, l,AN, AX
xMD(l)=(Ax+AN)/2.

l*ABS(XLF)

xABs(xRT)

M1,M2)

G
C MIDDLE X OF VaLUME
c

XMX(I )=AX
XMN(I)=AN
CALL AMINMX (ZN,l, NIT, I,AN,AX,M1,M2)
ZMX(I)=AX
ZMN(I)=AN
XAFT=XMD(I)
EX=l .
CALL VCILDEN
EX=O.

G

C FIRST FIND A Z INS
c

E50

E60

E200

E300

DCJ E50 K=l,KK-’
N1=NRT(K)
N2=NRT(K+1)
IF((lRV(N1).EQ
CUNTINUE
GCI TU ERR7
ZMD(I)=(Z6RD(K
RMD(I)=CRHa(K)
GO TO E200
C6NTINUE
D5 E300 J=l,JZX
DELR=RMD(IRV(J) )
DELT=DELR-DRHU (J
IF (ABS(DELT).GT

OE VULUME,THEN DENSITY ‘

1) .AND. (ILV(N2).EQ.1) ) G6 Ta E60

l)+zlyRD(K;)/2.

~ RMD

.0.0

(ILV(J))

1) G6T6 ERRO

(1 ABt3VE)
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RETURN
ERR1 WOT 59, FER1

c FR6M NEAR A1O
GU Ta F1OO

ERR2 WUT 59, FER2
C FR6M NEAR A40

Go TG F1OO
ERR:R~:TB~;, FER3,J

c
GCJ TO F1OO

ERR:R~:Tc~:, FER4,NR,
c

G5 16 C150
ERRS WUT 59 FER5,1LT

c FRUM C~80
G(Y T5 F1OO

ERR6 Wt3T 59,FER6,J
c FRUM C300

GU T6 F1OO
ERR7 p:W&5g45ER7,1

c

INP, lLT, IANG,DANG

‘,JXX,NR

.
i35TO FjOO

ERR8F[~~ ~&FER8, JXX,1LT,1LV(JXX) ,lRV(JXX)
c

G5 TO F1OO
ERRO W6T 59, FERO, J, lLV(J), IRV(J) ,DRHCJ(J), RMD(ILV(JI),RMD( IRV(J)),DELR

c FRUM E300
GCI T(3 F1OO
WtiT”59”.FER9ERR9 ..-
GO T6 FIOO-

FER1 FURMAT(” 0NL% ONE P61NT ON LEFT BCJUNDARY”i
FER2 FURMAT(” UNLY GNE POINT UN RIGHT BOUNDARY”)
FER3 FURMAT(” UNLY 6NE LINE AT INTERSECTION “,13)
FER4 F6R~$~FlM~EGATIVE ANGLE AT IN~~RS~~~l~~ “,13,” LINE”, 13~

, 13 “ ANGLEI’ 13 ,$
FER5 FCIRMAT(’’UNLY & LINES F6R ooLuME~’,131” LAST LINE WAS’’. I3,

“ LAST lNT WAS’’, 13)
FER6 Ff3RMAT(’’LINE N6’’,13 “ HAS NU VOLUME ON aNE SIDE’*)
FER7 FtIRMAT (IICANT FIND 6ENSITY F6R VCILUMEII, 14)
FER8 F6RMAT(’’TRY1NG TO ASSIGN VOL”

ALREADY ON L. OR
13,” TO L1NE”,13, ” vOL’’. I3,

,13 “ ON ~“)
FER9 F13RMAT(’’6NLY eNE VULUME iN THE PRUBLEM”)
FERO FORMAT(’’DENSITY CONTRAST UN LINE” 13,” V6L” 13 “@N L AND”,

1 1- uN R IS 1’,E12.4 / “D~~W~R~~S WITH DIFF B&TWtEN L AND R
2 ,2E12.4,/,”

F1OO EX=l.
YIELDIN6 .

RETURN
END

, 4
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USE DATACLICHE
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c
c
c
c
c
c
c
c

c

TESTS TO ASSURE ALL P61NTS EXCEPT AT SIDE BOUNDARIES ARE DUPLICATED
IF NA AND NB GE 1 PUINT IS UK
WE ARE SETTING NA AND NB TO [INTERSECTION NUMBER lN THIS
REVISION. NUT SET UNTIL EITHER TW5 LINES MEET THERE
UR IT IS A RIGHT 6R LEFT BOUNDARY
NEED PRCIVISI13N F(3R TRIPLICATE

10

11

12
13

20

NLA=NLB=O
Da 10 N=1,1OO
NA(N)=NB(N)=O
NP=l
TTT=,l
TMX=1OOOOO.
DO 20 N=l,JZX
IF(XA(N) -XB(N) )13,12,1
SAX=XA(N)
SAZ=ZA(N)
XA(N)=XB(N)
ZA(N)=ZB(N)
XB(N)=SAX
ZB(N)=SAZ
DRHO ( N ) =-DRH6(N)
GCJ T6 13
XA(N)=XA(N)-.001
IF(XA(N).EQ.O. ) XA(N)=
IF (XP(N).EQ.O. ) XB(N)
CUNTINUE

1

:-.001
=,001

6 AB6VE RUUTINE MAKES ALL XA THE LEFT HAND (MINIMUM X) VALUE UF THE
C XA,XB PAIR AND ASSURES THAT THERE ARE NU VERTICAL LINES AND NU ZER6
C VALUES (5F X (THCSE Wt3ULD FOUL UP CALCULATION t3F LOG DENSITY)
c
C NOW TEST FUR LINES INTERSECTING NGT AT PLANNED INTERSECTIONS
C G AND CURR USED TEMP(3RARILY AS COEFFICIENTS @F LINES
c

DU C1O J=l,JZX
Q(J)=(ZB(J)-ZA(J))/(XB(J )-XA(J))

C1O C6RR(J) =ZB(J)-G(J)*XB( J)
c
~ Z=Q~X+CURR
u

C40
C50

D6 C5CI J=l,JZX-1

)-G(N))

.)) GUT6C40

.)) GeJTuc40
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C60

(Xl C60 J=1,1OO
CURRIJ)=O.
G(J)=O.
Da 100 N=l,JZX
IF(ABS(XA(N) ).LT.TMX) GU T6 30
IF(NA(N).GT.0) GU T(5 100
NA(N)=NP
NP=NP+l
GO TO 100

8 TEST FdR XA EQ. R UR L END
c

30 lF(NA(N).GE.1) GCl T5 100
JJ=N+l
IF(N.EQ.JZX) G(Y TU 50
DU 40 J=JJ JZX
Tl=ABS(XA(fi) -XA(J))
T2=ABS(ZA(N) -ZA(J))
IF((T1. GT.TTT).6R. (T2. GT,TTT)) GU TCI 40

c
~ C5MPAR1NG LEFT ENDS--IF NU CdMMON

31

32

40
50

IF(NA(N).LE.0) G6
NA(J)=NA(N)
Go TO 40
IF(NA(J).LE.0) GO
NA(N)=NA(J)
GtY TO 40
NA(N)=NA(J)=NP
NP=NP+l
CUNTINUE
DO 80 K=l,JZX
T1=ABS(XA(N)-XB(K)
T2=ABS(ZA(N)-ZB(K)
IF((T1. GT.TTT).f3R.

TG 31

TO 32

)

/T2,GT .TTT))

lNTERSECTI

GC! TO 80

6N GO TO 40

L
~ CUMPARING UNE LEFT T5 GTHER RIGHT END--IF N6 CCNIMON lNT QG T6 80
b

71

72

80

100

130

IF(NA(N).LE.0) GU TO 71
NB(K)=NA(N)
GU TU 80
IF(NB(K).LE.0) GU T6 72
NA(N)=NB(K)
G6 T13 80
NA(N)=NB(K)=NP
NP=NP+l
CUNTINUE
lF(NA(N).LT.1) NLA=l
CUNTINUE
DU 200 M=l,JZX
IF(ABS(XB(M) ).LT.TMX) G5
NB(M)=NP
NP=NP+l
GU T6 200

[F(N~(M).GE.1) GO TU 200
IF(M.EQ.JZX) GU T6 ER6B
LL=fl+l
Da 140 L=LL,JZX
T1=ABS(XB(M) -XB(L))
T2=ABS(ZB(M) -ZB(L))

TU 130

b
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IF’((T1. GT.TTT).OR. (T2 .GT.TTT)) GO T5 140
L

Q (Y3MPARlNG RIGHT ENDS IF NU COMMUN 1NTERSECT15N G5 Ta 140
L

IF(NB(M),LE.0) GU T6 131
NB(L)=NB(M)
G(5 T13 140

131 IF(NB(L).LE.0) GO TU 132
NB(M)=NB(L)
GO Tc3 140

132 ~~~4~;lB(L)=NP

140 CaNTINUE
lF(NB(M).LT.1) NLA=l

200 ~2N~~N~E

IF;NL~.LT.1) G@ Ta 250
c
C ALL IS WELL
c

Da 210 N=l,JZX
NR=O

G

C FINDING THE BAD INTERSECTION
c

205

208
210
220
250

ERCIB

FMA
CERR

CFT

IF(NA(N)GE.1) GU T6 205
NR=l
Ge TU 208
IF((NE$(N), LT.l).AND. (NR .LT.1)) GO TG 208
GU T5 210
W6T 59, FMA, N, XA(N),ZA(.N),XB( N),ZB(N)
C6NTINUE
EX=l .

~#~’BbJ=gA, JZX,XA(JZX) ,zA(Jzx), xB(Jzx),zB(Jzx)

FORMAT(” NUT DUPLICATED: “,13,4E12.3)
WC3T 59 CFT,J,N,XX
G6 Tm *2O
FURMAT (“ LINES “,12,” AND “,13,” CRUSS AT “,E12.4)
END
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LISTING OF SUBROUTINES IN BIFURC

THAT ARE DIFFERENT FROM THOSE IN BII?UR3

( ScxneENDstatements left out)
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SUBRCIUTINE BIFPLT
USE DATACLICHE

1 F5RMAT(’’V0LUME “, 1~,” HAS DENSITY 1-E ZERa”)
121MENSICN )(M(2),ZM(2)

c
,: PL(3TS GRID ON ONE FRAME WITH lD(OCi
c

lF(NFIR.NE,O) Gtl TB A20
NFIR=l
D(3 AlO K=l,lLT

AlO ZN(K)=XMX(K) -XMN(K)
c
~ USING ZN SL13PPING 13VER INT13 Z5RD AS S13RTING VARIABLE
b

A20

A21

,T1(3

IeJ

XM(l)=XMNN
XM(2)=XMXX
ZM(l)=-ZMNN
ZM(2) = - Zrlxx
CALL DDERS (-1)
DST=DZMX/10 .
STT=ZMXX-DST
DxT=DxMx/8.
DxTT=xMNN-(DxT/2. )
DXT=XMNN-DXT
DU A21 K=l,ILT
ZN(K)=ZMX(K1 -ZMN(K)

; NOW USING ZN F6R Vf3LUME HEIGHT
c

CALL SETCH(l 1 ,,0,0,0>0)
W5T IO0,2,K1+’
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c
c
c

;
c

c
c
c

c
c
c

c
c
c

2

A30

A35

A40
A50

F6RMAT(8AIO)
CALL UXCHSIZ(CI
D(3 A30 J=l,JZX
ZA(J)=-ZA(J)
ZB(J)=-ZB(J)
DO A35 J=l,ILT
ZMD(.J)=-ZMD(J)
SMIN=.1

+ARN )

:;:;= .:

TMAX: :9
IF (RATla.GE. l.) GO
TMAx=TMI N+.8*RATIlY
G5 T5 A50
SMAX=SMIN+.8/RATIO
CALL PIAP(XPINN,XMXX,

TO

ZMX

A40

X , ZMNN , SMIN, SMAX,TMIN,TMAX )

WE HAVE SET UP A GRID INCREASING X AND Z-DIMENSIdNSLOTHER THAN
BOUNDARIES BY 10 PERCENT. CHARACTER SIZE IS SPECIFIED S0 THAT
4 CHARACTERS FIT IN X-DIFlENS16N UF NARR6WEST V13LUME.
SCALE IS SAME IN BUTH D1l”lENSIfiNS. Z IS SET NEGA”rIVE FOR pLuTs

A60

A61

CALL GAXIS(XMNN, ZMX.K,XMXX, ZMXX, l,O,O,
CALL GAXIS(XMNN,Z MNN,XMNN,ZMX)(, 0,0,0,
CALL GAXIS(XMXX, ZMNN,XMXX, ZMXX,G,O, I,
CALL LINEP(O. ,ZMXX,O. ,ZMNN, 3)
DO A60 J=l,JZX
CALL LINE (XA(J), Z.A(J),XB(J),ZB( J))
DU A70 K=l,ILT
IF(RMD(K) .LE.O.001) WOT 59,1,K
lF(RMD(K) .LE.0,00IJ G13 TO A70
lF(ZN(K).GT.CW6) GO TCI A61
STT=STT+DST
CALL SETLCH(DXT,STT)
W(3T 1OO,F4,RMD(K)
WUT 100,F3,K

WRITING eN THE SIDE

CALL DDERS(l)
CALL LINEP (DXTT,STT,XMD
CALL DDERS(-l!
GU TU A70
Z1=ZMD(K)-CHARW
Xl=XMD(K)
CALL SETLCH (X1,21)

WRITING VULUME NUMBER

WGT 100,F1,K
F1 FCJRMAT(12)

X1=X1-CHARW
Z1=Z1+3.*CHARW
CALL SETLCH(X1,Z1)

WRITING DENSITY

K),ZMD(K))

::;;.

“F7:

o ,s

0’”
0 “

,O,XM)
,O,ZM)
,O,ZM)

.

W6T 1OO,F2,RMD(K)
F2 F6RMAT (F4.2)
F3 FURMAT (1X,12)

B
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A%

A72

A75

c

FdRMAT(F5.2)
CdNTINUE
DC! A80 K=l.NP
LA=INA(K, l)
lF(LA.IZI.0) GCl TCI A72
Xl=)(A(LA)
IF(LA.GT,JZX) GC.I T6 A80
lF(X1.LT,TSTM) G5 TO A80
IF(X1.GT.TST) G(3 T6 A80
Z1=ZA(LA)
GO T(3 A75
LA=lNB(K, l)
X1=XB(LA)
IF(LA.GT,JZX) GCI TO A80
IF(X1.GT.TST) GCI T6 A80
lF(X1.LT.TSTM) G6 T6 A80
Z1=ZB(LA)
X1=XI-CHARW
21=21-1 ,5*CHARW
CALL SETLCH(X1, Z1)

~ WRITING INTERSECTICIN NUMBER
b

A80

A90

WUT 100,F1,K
C13NT1NUE
DCI A90 J=l,JZX
ZA(J)=-ZA(J)
ZB(J)=-ZB(J)
CALL FRAME
RETURN
END
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SUBFV31JTINE GEXEC
c
c MANAGES CALCULATION aF G
c FaR CYLINDRICAL GE6METRY
c.

USE DATACLICHE
DIMENSION RCC(IOO)
KEND=JZY

c
: CALCULATE CORRECT16N Ttl FAG
b

85

90

c
c
c

180

190

200

300
c
c

E1=O,
05 90 L=1,2
G(L)=O.
Da 85 K=l,KEND
Xl=XA(K)
X2=XB(K)
zl=zA(K)-El
Z2=ZB(K)-E1
G(L)=G(L)+DRHCI(K)
CUNTINUE
E1=-15.
C6NTINUE
FC6R=0,795165X(G(

*DG(X1

1)-G(2

,X2,21,22)

))

CALCULATE SUBSURFACE GRAVITY

De 300 L=l,LDEP
G(L)=O.
DO 200 K=l,KEND
Xl=XA(K)
X2=XB(K)
Z1=DPT(L)-ZA
Z2=DPT(L)-ZB
IF (Z1.EQ.O.
IF (Z2,EQ,0.
IF(Z1.EQ.Z2)
IF((X1.EQ.O.
DAD=DRHt3(K)
ZAD=Z2

,(K)
(K)
) 21=.01
) 22=.01

GU T5 200
).AND, (X2,EQ

XAD=X2
lF(Z1-Z2) ,200,180
22=21
X2=X1
z? =zAD
Xl =XAD
DAD=-DAD
ZIB=ABS(Z1)
Z2B=ABS(Z2)
lF((Z1, GT,O. ),AND. (Z2,
~~L+&G~U.~+DAD*C6NE( Xl,

RR=Xl+ZlBx(X2-Xl)/(Zl-
G(L)=G(L) +DAD*(CUNE(X1
C6NT1NUE
(3(L)=Q(L)*.04192
CaNTINUE

CALCULATE DENSITY
WOT 3,2

.0.)) GO

LT.O.)) GU
X2,Z1B,Z2B)

22)
,RR,ZIB, O.)

TO 200

TIY 190

+CUNE(RR, X2,0, ,Z2B))

1
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c
c
c
c
c
c

c
c
c
c

c

:
c

c
c
c

40:

2
3
4
5
6

z
9

Wt3T 3,6, FC6R
Da 400 L=2, LDEP
IF (DPT(L), EQ.DPT(L-1)) GO TO 400
R(L) =-11 .92748*(G(L)-G(L- 1))/(DPT(L)
CCJRR[L) =RHUL(L)-R(L)-FCUR

C6NTINUE
F6RMAT(8A1O )
FURMAT(” DEPT 1 DEPT 2 RHt3
FURMAT(2F1 O,1,4F1O,4,E1 2.4)
F6RMAT(E13. 4,3E12.4)
F6RMAT(///” X-PUS~,TIUN G
FURMAT (“ VAG ,4OX,F1O.4)
FORMAT (3E15.6)
F5RMAT( /,’’N6TE: CdRR= RH6 NUM - RHU
FORMAT(” DEPTH 1 DEPTH 2

DPT(L-1))

RH5 N@l

DG “ )

-VAG CURR”)
C6RR

RH6 C(3RR C(3RR”)

RHU CaRR “)

CALCULATE C6RRECT16N TO MEASURED GRAVIMETRIC DENSITY
MUST MATCH CALCULATED AND MEASURED DEPTHS
PREVIOUSLY DID CALCULATIONS UN ALL MEASURED DEPTH POINTS
BUT S6ME MEASURED PAIRS MAY CUVER MURE THAN 6NE CALCULATED PAIR

IF(LLUG.EQ.0) GU TIY 475
Da L1OO J=l,JDP
Ll=o
IF(DD1(J) .EQ.DD2(J)) GU TIY L1OO
L2=0
DDX=AMAX1(DD1 (J),DD2(J) )
::m&AMINl (DDl(J),DD2(J) )

PICKED T5P AND B5TTOM OF lNTERVAL. EACH SH6ULD BE A
CALCULATED DEPTH

LOS

L19
L20

19
L2.L

lF((L1.QT. O).AND. (L2.GT. 0)) G6 T6 L30
CdNTINUE

NGW WE HAVE L VALUES 6F ENDPUINTS
L2 1S NOT NECESSARILY GRETER THAN L1

L30

L40

L50

LX=MAXO(L2,L1 )
LM=MINO(L2,L1)
DL=LX-LM
IF(DL-1) L1OO
RCCJR(J)=DDR(J\
:; ::+;lOO

DO=L50 L=L3,LX
RC=RC+CURR(L)*

+C#?LX)

‘(DPT(L)-DP T(L-1))

EQUAL DEPTH VALUES WERE REMUVED IN LOGDEN

RCUR(J)=DDR(J)+RC/(DPT( LX)-DPT(LM))



PAGE

L1OO
c
C NOW
c

475

477

c
c
c

480
500

600

ERR
FERR

I

\

I

?CC(LX)=RC@R(J)

AE HAVE THE Cf3RRECTED GRAVIMETRIC DENSITIES

dOT 4,\,KlT
dOT 4,9
DO 477 L=2,LOEP
dGT 4, 4, DPT(L-l ),DPT(LI,CBRR(L) ,RCC(L)
ti6T 3,3 DPT(L), DPT(L-l ),R(L),RHOL(L) ,RCC(L), CURR[L),Q(L)
CCINTINUlk
WUT 3,8
lF(LZEP.LE.0) RETURN

CALCULATE SURFACE GRAVITY

W5T 3,5
DDG=O.
DU 600 L=l,LZEP
G(L)=O.
DO 500 K=l JZX
Xl=XA(K)-Z#T(L)
X2=XB(K)-ZPT(L)
Z1=ZA(K)
Z2=ZB(K)
0AD=DRH6(K)
ZAD=Z2
XAD=X2
IF(Z1-Z2) ,500,480
Z2=Z1
X2=X1
21 =ZAD
Xl =XAD
DAD=-DAD
G(L)=G(L)+DAD*CONE(X
CONTINUE

lF(L.GT, l) DDG=G(L)
:g/u:h7,zPT(L),G(L)

,X2,Z1

&-1 )

,Z2)

“It3N”, 2E12.4)
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c
c
c
c
c

22
25

50
c
c
~ NaW

60

65
:

c

70
100

c
c
c
c

SUBR13UTINE L13GDEN
USE DATACLICHE

6RDERS DEPTH,CALCULA”

FIRST 5RDER DEPTHS

DCI 50 K=l,LDEP-1

ES LOG DENSI’l-Y BE WEEN DEPTHS

LSAV=K-—. . .
DO 25 J=K+l LDEP
IF(DPT(J) .Lt.DPT(LSAV)) GO T13 22
IF((DPT(J) .NE.DPT(K-1)) .5R. (K.EQ. 1)) GU TG 25

‘)
‘(K)

NUW DEPTHS ARE URDERED
ELIMINATE DUPLICATES

CCJRR(l)=CIPT(l)
LURR= 1
DU 60 K=2,LDEP
IF(DPT(K) .EQ.CURR(l
L6RR=L6RR+1
CCIRR(LURR)=DPT (K)
CONTINUE
LDEP=L6RR
DO 65 K=l LDEP
DPT(K)=COkR(K)
CC3RR(K)=0.

60

SEARCH LINES FOR THOSE CRCE3S1NG H6LE AND STORE DENSITIES

XAFT=O .
ENTRY VOLDEN
KK=O
DU 100 N=l.JZX
DEL=l. -
IF((XA(N), LE.XAFT).AND. (XB(N).GE.XAFT)) ,100
IF(XA(N). EQ.XB(N)) GU TU 70
ZCT=(ZB(N) -ZA(N)) *(XAFT-XA(N) )/(XB(N)-XA(N))
ZCT=ZA(N)+ZCT
KK=KK+l
Z5RD(KK)=ZCT
IF(XA(N). GT.XB(N)) DEL=-1.
NRT(KK)=N
CRHU(KK) =DEL*DRHO(N)
IF(XB(N) .EQ.XAFT)WOT 3,800
CUNTINUE

WE HAVE SELECTED ALL LINES WHUSE INTERSECTION WITH H5LES IS
AB6VE MAX DEPTH. NCIW URDER THEM

D6 150 L=l,KK-1
LSAV=L
DU 125 J=L+l,KK
IF(Z(3RD(J) .LT,Z6RD(LSAV) 1 ,125
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125

150
c
c
c

200

c
c
c
c
c
c

240

250

270

300

c
c
c
c
c

320

330

NUW SUM DENSITIES T6 GET DENS TY BEL13W EACH LINE

Da 200 L=2,KK
CRHU(L) =CRH6(L)+CRH5(L- 1 )
IF(EX.NE.O. ) RETURN

CIRDERED SET UF DENSITIES AND DEPTHS
NOW GET AVERAGE DENSITIES BETWEEN DEPTHS

START BY FINDING LINES BELUW TOP DEPTH AND AB6VE B6TTc3M
DEPTH FUR EACH DEPTH PAIR. FIRST TOP ONE

DU 400 L=l,LDEP-1
MM=NN=MN=O
[F(DPT(L) .LE.ZURD(l)) , 240
IF(DPT(L+l ).LE.ZURD(l) )
MM= 1

W T6 400

RH1=O.
Z1=ZORD(l)-DPT(L)
GO TU 270
DO 250 K=2,KK
lF(ZURD(K).GT. DPT(
MM=K
RHl=CRHa(K
Z1=ZORD(K)
GO TU 270
CUNTINUE
GO Ta 410
De 300 K=2
IF(ZURD(K)
NN=K-1
MN=K

-1)
-DPT(L)

, KK
.GE.DPT(

L)) ,250

L+l)) , 300

. .. . . .
RH2=CRH6(NN)
z2=DPT(L+1) -ZURD(NN)
GO Ta 320
CUNTINUE
NN=KK
RH2=0.
Z2=DPT(L+1 )-zURO(KK)

N(3W WE HAVE MM--LINE BELUW THE TOP MEASURING P61NT
AND NN--LINE ABOVE BUTTCJM PUINT

NUW GET DENSITiES

IF (MM.EQ.MN) ,330
RHUL(L+l)=RH1
::H;00400

=.

●
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*

c

FURTRAN
SUBROUTINE UNCUDE
USE DATACLICHE
~~f=&E+7

IF(~DEC(5).EQ.3) GO TCI SC(3I
~~~~&JZX)=Fl NPUT(5)

IF(IDEC(l).EQ.3) , NXO1

~ FIRST X IS 6N SCARP
G

1F(IDEC(2).EQ.3) G6 TCl ERO1
LET=INPUT(l) -40B
IF(LET.EQ. 12) ,X105

c
c LEFT X CENTER --LETTER 1S L
c

XA(JZX)=SML
GU TO NX02

X105 IF (LET.EQ. 18) ,Xllo
c
c RIGHT X lNFINITE--LETTER
c

XA(JZX)=BIQ
G(Y TG NX02

Xllo ZA(JZX)=F1NPUT(2)
CALL L13CATE( 1,LET,ZA(JZX
GU T5 NX03

NXO1 XA(JZX)=FINPUT(l)
IF(IDEC(2),EQ.3) , NX02

IS R

),2)

c
~ FIRST Z 1S eN THE SCARP
L

LET=INPUT(2)-40B
CALL LCICATE (l,LETJXA(JZX), l)
GG TO NX03

NX02 ZA(JZX)=FINPUT(2)
NX03 IF (1DEC(3).EQ.3) , NX04

c
c SEC6ND X 1S 6N THE SCARP
c

IF (1DEC(4).EQ,3) GU TU ERO1
LET=INPUT(3)-40B
lF(LET.EQ. 12)

c
, X205

~ LEFT X INFINITE--LETTER IS L
b

XB(JZX)=SML
X203 ;~:Z:{)=FINPUT(4)

~X205 IF (LET.EQ. 18) ,X21O

~ RIGHT X 1S INFINITE--LETTER R
u

XB(JZX)=BIG
G6 TU X203

X21O ZB(JZX)=F1NPUT(4)
CALL L6CATE (2,LET,ZB(JZX),2)
RETURN
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SUBRCIUTINE V6LUMES
USE DATACLICHE
DIMENS16N MANG(5), DANG(5),NANG(5)

G

C THIS SR ASSIGNS ARTIFICIAL LINES TCI LEFT AND RIGHT ENDS
C LISTS ALL LINES WITH CnMi-leN INTERSEC”rlRINS NA,NB
C FINDS ALL LINES SURRBUND[NG EACI+ V13LUME (STRIC”TLY,AREA)
~ AND FINDS DENSITY OF EACH V6LUPIE~
C FIRST D6 ARTIFICIAL LINES

D6 AO1 J=1,1OO
D6 AOO K=1,5
INA(J K)=INB(J K)=O
ILV(J~=lRV(J)=6
AMX=l .E+7
CALL”AtiINMX(ZA, l,JZX, 1,ZAN,ZAX,M2,M1 )
CALL AMINMX(ZB, l,JZXJ1,ZBN, ZBXJM4,M3)
MX=M1
lF(ZAX.LT.ZBX) MX=M3
MN=M2
IF(ZBN.LT.ZAN) MN=M4
IF((XA(MX) .EQ.TSTM).AND .(XB(MX).GT.TST)) GU TO A03

G
C IF SCl MX IS B6TT5M LINE
c

A03

A05
c

)=0.
) :;MX

j =ZB2 ( JZX )=ZA( JZX)

.
NB(JZX)=NP
IF((XA(MN) .EQ.TSTM),AND .(XB(MN).QT.TST)) Qa TU A05
JZX=JZX+l
XA(JZX) =XA2(JZX)=0.
XB(JZX) =XB2(JZX)=AMX
ZA(JZX)=ZA(MN)-. O1
ZB(JZX)=ZA2(JZX) =ZB21 JZX)=ZA(JZX)
DRH6(JZX)=. 0001
NP=NP+l
NA(JZX)=NP
NP=NP+l.
NB(JZX)=NP
CUNTINUE

~ HAVE PUT IN FAKE T5P AND

I%A1O J=l JZX
lF(XA(J).G~.TSTM) GU
NLFT(I)=J
fL~~JI)=ZA(J)

A1O @#~U:
=-

C

BUTTUM LINES FRUM L T6 R IF NU REAL ONES

T(Y A1O
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C NUW
c

A20

c
C NOW
c

A30

c
C NUW
c

A40

c
C NOW
c

A60
c
C NOW
c

A70

c
C NOW
c
C NGW

WE HAVE ALL LINES WITH )(A ON LEFT 13aUi413AR’(

lF(IEND.LT,2) GO TU ERR1
De A20 1=1, lEND
ZM=AMINAF(ZLFT, 1, lEND, l,M)
NLFF(I )=NLFT(M)
ZLFT(II)=TST
CUNTINUE
JTP=NLFF(l)

NLFF LISTS LEFT-END

I END-
NLFF (
NLFF (
JZY)=
NLFF (
NLFF(

1
1))
1+1))
0,
1))
1+1))

NG L NES 6RDERED BY INCREASING Z

WE HAVE VERTICAL “LINES” WITH NA TCIP,NB BUTTUM

&1A40 J=l,JZX
IF(XB(J).LT.TST) G(3 T5 A40
NRT(I)=J
;R~#=ZA(J)

@J1yuy
❑ -

WE HAVE LIST UF LINES ENDING aN RIGHT BCNJNDARY

IF (IEND.LT.2) Ge T@ ERR2
DG A60 1=1 lEND
ZM=AMAXAF(~RT, 1, IEND, l,M)
NRTT(I)=NRT(M)
ZRT(M)=-1OOO.
C6NTINUE

ORDERED BY DECREASING Z

JBT=NRTT(l)
D6 A70 1=1 IEND-1
NRl=NRTT(l~
NR2=NRTT(I+1 )
NA(JZY)=NB(NR1 )
NB(JZY)=NB(NR2)
XA(JZY)=XB(JZY)=l .E+7
ZA(JZY)=ZB(NR1 )
ZB(JZY)=ZB(NR2)
JZY=JZY+l
CUNTINUE
JZY=JZY-1

NEW LINES WITH NA BUTTUM,NB T6P

SCIRT ALL LINES BY INTERSECTION
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c

c
c
c

c
c
c

c
c
c
c

c
c
c

c
c
c
c
c

c
c
c

DO B50 J=l,NP
DO B40 L=l,JZY
IF(NA(L).NE.J) GCJ TO B30
CID B20 K=I,5
lF(lNA(J,K).NE.0) GO T6 B2CI

J 1S Intersection NU .,1. 1S LINE NU. THIS IS KTH LINE WITH NA=J

B20
B30

B35
B40
B50

I NA

B60

B70

INA(J,K)=L
G6 TU B30
CUNTINUE
IF(NB(L).NE.J) GU Td
DO B35 K=l 5
lF(lNB(J,K~.NE.0) G5
lNB(J,K)=L
GO T6 B40
Ct3NT1NUE
CCJNTINUE
CCJNTINUE

B40

Td B35

CCINTAINS N5S. UF ALL LINES WITH XA AT INT. J.INB sAME FuR xB

~~TB~O J=l,NP

DU ~60 K=l 5
IF(lNA(J,K}.NE.0) lTT=lTT+l
DCI B70 K=l 5
lF(INB(J Kj.NE.0) ITT=ITT+l
lF(ITT.L+.2) GO TU ERR3

THIS 1S A TEST F5R AT LEAST 2 LINES AT ALL INTERSECTIONS
IT 1S REDUNDANT WITH SUBROUTINE CHECK

B80

N6W

C6NTINUE

FIND WHICH LINES G6 WITH WHICH V6LUME

1=1
ILT=l
D6 C200 J=l,JZX
IF(J.EQ.JTP) GO TU C200
IF (lLV(J).NE.01 GU TO C200
ILV(J)=ILT

TAKING EACH LINE AND IF IT IS NN6T ALREADY ASSCICIATED UN ITS LEFT
WITH A VULUME GIVE It A VULUME NUMBER. FIND ALL UTHER LINES UN SAME
VULUME. RCICEEb CCW ARUUND VULUME TESTING EACH Intersection

ICT=l
JXX=J
NR=NB(J)
NAB=2
13~UC~l~0 K=1,25

lF(J~X.GT.JZX) GU T6 LFS
IF (NAB,NE.1) GU Ta C02

NAB SAYS WHETHER END IN QUESTION IS RIGHT Up LEFT. F6R FIRST
LINE, INTERSECTION MUST BE UN RIGHT

1
f I
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c
ANG=ATAN2( (ZA(JXX)-ZB( JXX)), (;(B[J)(X) -XA(JX)())}
G(3 T6 C03

C02 ANG=ATAN2( (ZB(JXX)-ZA( J)(X.)}, ()(.~.(JX)t) -)(B(.J;()(.) ;)
c
C ANG IS ANGLE aF FIRST LINE WITH H6RIZ13NTAL
~ MUST REMEMBER Z IS PCX31T1VE CM5WNWARDS IN CALCULATING ANGLE

C03 Da C1O L=1,5
lNP=INA(NR,L)
IF(INP.EQ.0) GU T13 Cll

c
C NH M6RE LINES AT THIS INTERSECTION
c

IF(INP.EQ.JXX) G@ TU C1O
c
C THIS IS THE LINE WE STARTED WITH
c

IF(INP.GT.JZX) GO 1(3 LFT
c
~ ABOVE ARE VERTICALS AT BUUNDARY S6 MUST BE NEXT LINE
G

ANH=ATAN2( (ZA(1NP)-ZB(l NP)), (XB(INP)-XA(INP)))
C04 DING=ANG-ANH

IF(DING.LT.0) DING=D1NG+6.283
DANG(IANG)=DING

c
C THIS IS ANGLE BETWEEN F[RST LINE AND THAT BEING TESTED
c

NANG(IANG)=INP
MANG(IANG)=2

c
~ MANG GIVES NAB 6F 6THER END (3F THIS LINE
G

Clo
c
C NUW
c

cl 1

C20
C21

C30
c
C N5W
c

lANG=lANQ+l
CONTINUE

HAVE LU6KED AT ALL LINES WITH A END AT Intersection

, (XA

283

ERR4

(lNP)-XB(lNP)))

WE HAVE ANGLES (3F ALL LINES AT Intersection WITH FIRST LINE

AM=AMINAF(DANGJ 1,IANG, l,M)
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c
c
c

:

c
c
c

c
c
c

c
c

JXX=NANQ(M)
IF(JXX.EGI,J) Q6 T6 C180

WE HAVE CHCE3EN THE LINE WITH MININUM C!d ANGLE WITN RESPECT TU
PREVIUUS LINE. IF JXX.EQ,J !T IS CkH? (3RIGiNAL LINE AND WERE
D6NE WITH THIS V5LUME

NAB=MANG(M)
IF(NAB.EGl.1) GO TO C50
lF(ILV(JXX).NE.0) Ge T5 ERR8
ILV(JXX)=lLT
NR=NB(JXX)

INTERSECTIUN IS NA END (YF NEW LINE,SU NEXT INTERSECTION IS NB

GO T5 C150
C50 IF (IRV(JXX).NE,O) Gc3 T6 ERR8

IRV(JXX)=lLT
NR=NA(JXX)

INTERSECTION IS NB END

LFS

LFT

~3GT~ ~$50

IF(~XX,GT.JZA) ANG=-ANG
~~HT~ $23

[F(;NP.LE.JZA) ANH=-ANH
GU TU C04

THIS IS THE ARTIFICIAL VERTICAL LINE SETTING ANGLE TU 90 DEG
c

C150 lCT=lCT+l
GU T(Y ERRS

C180 IF (ICT.LT.3) GU TU ERRS
ILT=ILT+l

C200 CUNTINUE
ILT=lLT-1
IF(ILT.LT.2) GU T6 ERR9

c
C NGW WE HAVE ILV AND lRV F6R ALL LINES
: THAT lS,WE KNOW WHICH V6LUME IS UN EACH SIDE 6F EACH LINE
b

C300

D20
c
C XRT
c

DO C300 J=l JZX
IF((l LV(J). &Q.O).AND. (J .NE.JTP)) GU TO ERR6
lF((IRV(J) .EQ.O).AND. (J .NE.JBT)) G6 TU ERR6
CONTINUE
XLF=O.
XRT=TSTM
DU D20 J=l JZX
lF(XB(J).Gt.TST) G6 TU D20
IF(XB(J).GT.XRT) XRT=XB(J)
CeNTINUE

IS LARGEST NUN-BUUNDARY X, XLF SMALLEST

DO D1OO I=l,ILT
N1(I)=l
D6 D50 J=l,JZY
lF(ILV(J),NE.1) GU TU D40

.i , #
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NV(NI (I),
KV(N1 (I)
NI(l)=NIi

c
C ILV(J)IS I
c

GO TO D50
D40 lF(lRV(J)

NV(NI (I),
KV(NI (I),
NI(I)=NI(

D50 CONTINUE
NI(I)=N1(

-D1OO C6NTINUE

I)=J
1)=1
[]+1

i?~i
1)=2
1)+1

1)-1

1) GU TCJ D50

u
c
c
c
c
c
c
c

c
c
c

c
c
c

WE HAVE NaW LISTED ALL LINES SURROUNDING EACH VCILUME (1 ABOVE)
AS NV(NI) WHERE THERE ARE N1 LINES FOR EACH VULUME
(AND ILT V6LUMES)
KV IS 1 IF VGLUME IS 5N LEFT 6F LINE,2 IF (3N RIGHT

NOW

E20

FIND DENSITIES AND M1DP61NTS UF VULUMES

Da E200 I=l,ILT
~~~=2~NI(I)
-.
DUE2CIK=1,NI (I)
L=L+l
JK=NV(K 1)
XN(L)=X~(JK)
IF(XN(L).GT.TST) XN(L)=XRT+ .l*ABS(XRT)
ZN(L)=ZA(JK)
L=L+l
XN(L)=XB(JK)
IF(XN(L).QT.TST) XN(L)=XRT+, l*ABS(XRT)
ZN(L)=ZB(JK)
CALL AMINMX(XN, l,NIT, l,AN,AX, M1,M2)
xMD(l)=(Ax+AN)/20

MIDDLE X UF V5LUME

XMX(l)=AX
XMN(I)=AN
CALL AMINMX (ZN,l, NIT,l, AN,AX,M1,M2)
ZMX(l)=AX
ZMN(I)=AN
#~F]=XMD(l)

CA~L’V6LDEN
EX=O .

FIRST FIND A Z INSIDE V6LUME,THEN DENSITY

E50

E60

Da E50 K=l,KK-1
NIENRT(K)
N2=NRT(K+1)
lF((IRV(Nl ).EQ. I),ANDo (ILV(N21.EQ. 1)) G6 TO E60
CONTINUE
G6 T5 ERR7
ZMD(I)= (Z6RD(K+1)+ZURD(K) )/2.
RMD(I)=CRH5(K)
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E200

E250

GO T13 E200
CONTINUE
JZB=JZA+l
De E250 J=JZB,JZY
DRHt3(J) =-RFID(lLV(J))

G
c ASSIGNING DELTA RHC3 TU aUTSiDE LINES. NEGATIVE BECAUSE
~ RIGHT IS UUTSIDE
G

Da E300 J=l,JZX
DELR=RMD( lRV(J))-RMD(I LV(J))
DELT=DELR-DRHa (J)

E300 ~~TF(#~S(DELT) .GT.O.O1) G(Y T5 ERRO

ERR1 WUT !59 FER1
c FR6M NEA~ A1O

Ga Ta F1OO
ERR2 WCJT 59,FER2

C FRUM NEAR A40
@6 TCI F1OO

ERR;R:Q$ ==3Jc
GO TU F1OO

ERR#R~fiTc~~, FER4,
c

GO TO C150
ERRS WUT 59 FER5,

c FROM Ct80
GO TU F1OO

ERR6 WUT 59 FER6,
c FR6M C30b

GU T6 F1OO
ERR7 ;:UT”5:$5ER7,

c
G6 Ta F1OO

=ERR8 WOT 59 FER8,
FRUM C5tl

J

NR, I

ILT,

J

I

JXX,

NP. lLT, lANG,DANG

JXX, NR

lLT, ILV(JXX), lRV (JXX)
..

GU TO F1OO
ERRO WUT 59 FERO, J, ILV(J), IRV(J),DRHO(J) ,RMD(l LV(J)),RMD(IRV(J)

c FROM E3b0
QO TU F1OO

ERR9 WCIT 59.FER9

) , DELR

&ES ,,

FIOO-E~=l. - -
RETURN
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c

E
c
c
c
c
c

c
c
c
c
c

.:

c

E

10

11

Subroutine CHECK
USE DATACLICHE

TESTS TO ASSURE ALL P61NTS EXCEP-i AT SIDE 13fltJiqilARIES ARE DUPLICATED
IF NA AND N13 GE 1 P51NT IS ?JK
WE ARE SETTING NA AND NB “r& INTER$ECTIHN NUIIBER IN THIS
REVISION. NUT SET UNTIL EITHER T~.KI Li14ES HEET THERE
Ut? IT IS A RIGHT aR LEFT BCNJNDARY
NEED PR6V1S16N FUR TRIPLICATE

NLA=NLB=O
D6 10 N=1,1OO
NA(N)=NB(N)=O
NP=l
TTT= .1
TMX=1OOOOO.
Dc3 20 N=l,JZX
lF(XA(N) -XB(N))20,12,11
SAX=XA(N)
SAZ=ZA(N)
XA(N)=XB(N)
ZA(N)=ZB(N)
XB(N)=SAX
ZB(N)=SAZ
DRHG(N)=-DRHe(N)
90 T6 20
XB(N)=XB(N)+.001
CONTINUE

AB5VE RUUTINE MAKES ALL XA THE LEFT HAND (MINIMUM X) VALUE OF THE
XA,XB PAIR

N6W TEST F13R LINES INTERSECTING N6T AT PLANNED lNTERSECTIUNS
G AND CURR USED TEMPORARILY AS COEFFICIENTS UF LINES

DU C1O J=l JZX
G(J)=(ZB(J~-ZA(J))/(XB( J)-XA(J))

C1O CURR(J) =ZB(J)-G(J)xXB(J)

Z.GXX+CCJRR

C40
C50

C60

De C50 J=l,JZX-1
NN=J+l
D6 C40 N=NN JZX
IF(N.EQ.J) &I 16 C40
DDG=ABS(G(N) -G(J))
IF(DDG.LT.O.01) GU T5 C
XX=(C6RR(N)-CURR(J))/(G
X1=XX-XA(J)-.O1
X2=XX-XA(N)-!O1
IF((X1. LT.O. ).6R.(X2.LT
X1=XX-XB(J)+,O1
X2=XX-XB(N)+O01
lF((xl.GT. o,),eJR, (x2.QT
G5 T6 CERR
C6NTINUE
CONTINUE
DO C60 J=1,1OO
CURR(J)=O.

40
(J)-G

.0,))

.0.))

N))

GU T5 C40

Gf3 Ta C40

G(J)=Oi
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Dd 100 N=l JZX
lF(XA(N).G#.O. ) GU TG C61
WOT 59, FMB, N,XA(N).ZA(N), XB(N),ZF3(N)
GU TCl 220

C61 lF(XA(N).GT.O. ) G5 T6 30
lF(NA(N).GT.0) G6 TU 1O(I

G

c TEST FUR XA EQ. CENTER 6R R END

b 30 IF(NA(N).QE.1) GO TU 100
JJ=N+l
lF(N.EQ.JZX) GO TO 50
Da 40 J=JJ,JZX
T1=ABS(XA(N) -XA(J))
T2=ABS(ZA(N) -ZA(J))
IF((T1. GT.TTT).UR. (T2, GT.TTT))

c
C COMPARING LEFT ENOS--IF NU CaMMaN
c

IF(NA(N).LE.0) G6 T5 31
NA(J)=NA(N)
GU T6 40

31 lF(NA(J).LE.0) GU TU 32
NA(N)=NA(J)
GO T6 40

32 #’#F44y4A(J)=NP

40 CU;TINUE
50 DU 80 K=l,JZX

T1=ABS(XA(N) -XB(K))
T2=ABS(ZA(N) -ZB(K))
IF((T1, GT.TTT).UR. (T2. GT.TTT))

GG TU 40

NTERSECTIUN Qf3 TO 40

G5 TU 80
c
C CUMPARING ONE LEFT TU L3THER RIGHT END--IF N5 C6MM6N lNT G5 TO 80
c “-

71

72

80

100

130

IF(NA(N).LE.0) G6 T5 71
NB(KI=NA(N)
G6 TU 80
lF(NB(K).LE.0) GO TCJ 72
NA(N)=NB(K)
GO TO 80
NA(N)=NB(K)=NP
NP=NP+l

130

... .-.
CUNTINUE
lF(NA(N).LT.1) NLA=l
C(3NTINUE
DO 200 M=l,JZX
lF(ABS(XB(M) ).LT.TMX) G6 T6
NB(M)=NP
NP=NP+l
GU Td 200

IF(NB(M). GE.1) GCJ TU 200
IF(M,EQ.JZX) GO Ta ERCJB
LLaM+l
De 140 L=LL,JZX
Tl=ABs(xB(M) -XB(L))
T2=ABS(ZB(M) -ZB(L))

J
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IF((T1. GT.TTTl.aR. (T2 .GT.TTT)) GO TU 140
c
C CCIMPARING RIGHT IENDS IF Na CCWli’ldN INTERSECTiUi4
b

131

132

140

200

IF(NB(M),LE.0) GU TFJ 131
NB(L)=NB(PI)
G5 TCJ 140
IF(NB(L).LE.0) GU TCI 132
NB(Pl)=NB(L)
GO TO 140
NB(M)=NB(L)=NP
NP=NP+l
CUNTINUE
IF(NB(M).LT.1) NLA=l
CUNTINUE
NP=NP- 1
IF(NLA.LT, l) Ga TO 250

G
C ALL IS WELL
c

06 210 N=l,JZX
NR=O

c
C FINDING THE BAD 1NTERSECT16N
c

205

208
210
220
250

ER5B

FMA
FMB

CERR

CFT

IF(NA(N).GE.1) Q6 TU 205
NR=l
k&TT~9+~~B, N,XA(N),ZA(N) ,XB(N),ZB(N)

IF((NB(N) .LT.l).AND. (NR .LT.1)) GO TU 208
96 TO 210
W6T 59, FMA, N,XA(N),ZA(N), XB(N),ZB(N)
C6NTINUE

Gel la 140

JZX), ZA(JZX),XB(JZX), ZB(JZX)

WITH ENDS AT’’,4E12,3, ” HAS BAD RIGHT INT”)
WITH ENDS AT’’,4E12.3, ” HAS BAD LEFT INT”)

12,” AND “ ,13,” CRUSS AT “,E12.4)


